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ABSTRACT 


1. In attempts to intercross Lolium perenne and L. multiflorum with Festuca praten- 
sis in a glasshouse, 13,284 emasculated flowers of diploid, triploid and tetraploid 
Lolium plants were provided with pollen of diploid and tetraploid Festuca plants. 
Only the combinations 2n X 4n and 3n x 4n produced hybrids, viz. on average 5.3 
and 1.0 mature hybrid plants per 100 pollinated flowers. In crosses performed in win- 
ter these averages were 12.0 and 4.9 respectively. 

2. Non-emasculated spikes of diploid, triploid and tetraploid plants of L. perenne 
and L. multiflorum in the field were enclosed in pergamine bags with panicles of 
diploid, triploid and tetraploid plants of F. pratensis. Apart from the above-mentioned 
combinations hybrids were also obtained of the crosses 2n x 2n and 2n X 3n. The 
number of hybrids produced per inflorescence was on average nearly as high as in 
corresponding crosses in the glasshouse. 

By bagging together spikes of self-incompatible diploid plants of L. perenne and L. 
multiflorum with panicles of tetraploid plants of F. pratensis in the field, large numbers 
of triploid hybrid seeds may easily be obtained. This opens the possibility of using seed 
treatment with colchicine for the production of hexaploids. 

3. Triploid hybrids showed a better production in spring and a better aftermath 
growth in summer than either parent plants. Spontaneously obtained hybrids were 
more winterhardy than most winterhardy indigenous types of perennial ryegrass. 

4. All artificial and most natural hybrids had no dehiscent anthers; the percentage 
of normal pollen varied in the artificial hybrids from 0 to 3.8 %, in the natural hybrids 
from O to 10 %. Several plants in both groups were slightly female fertile. Some plants 
with hybrid characters, collected from natural grassland, had dehiscent anthers and 
more than 75 % stainable pollen; their female fertility was fairly good. 

5. Open pollinated seeds of triploid male sterile hybrids produced, apart from a 
majority of plants closely resembling the parent species, or the F, hybrids, also types 
with new combinations of characters. The male fertility was considerably higher than 
in the previous generation: several plants had dehiscent anthers. In spontaneous 
families of the male fertile hybrid forms greatly deviating types of Lolium occurred. 
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6. Some possibilities of the various cross combinations for the breeding of ryegras- 
ses are discussed. 


INTRODUCTION 


Several species of the genus Lolium are important for grassland husbandry and for 
the production of fodder grasses. In permanent pastures and in leys of two years and 
longer perennial ryegrass (Lolium perenne L.) is the most valued grass species. For the 
establishment of one to two year leys Italian ryegrass (L. multiflorum LAM.) and its 
annual form Westerwolths ryegrass are the most important grasses. All these ryegrass 
types excel in aggressiveness, high fodder value and great palatability. However, they 
exhibit some deficiences which within the species are difficult to eliminate. In severe 
winters Italian ryegrass is often destroyed by frost; of perennial ryegrass even the 
indigenous types can be damaged to such an extent that a severely retarded growth in 
spring and a reduced contribution to the sward are the result. Other deficiences of this 
species are a suppression of white clover in mixtures and a low production in mid- 
summer. 


Meadow fescue (Festuca pratensis Hups.) is less palatable and forms a more open 
sward as compared with perennial ryegrass, but it is more hardy in winter and more 
productive in summer. The species is very tolerant towards white clover and the less 
aggressive grasses such as timothy. 

Plants with combinations of the favourable characters of ryegrasses (2n — 14) and 
meadow fescue (2n — 14) would offer new possibilities for grassland husbandry. In 
places where the two species occur side by side intermediate types are not rare. These 
types are considered as hybrids and are described under the names of Festulolium and 
Festuca loliacea CuRr. 

In several cases attempts to produce hybrids by means of artificial crossing have 
been successful. In broad outline these hybrids were similar to those found in nature. 
The most elaborate investigations in this field have been carried out by JENKIN (4, 10). 
The publication mentioned under 4 in the references gives a survey of the older literature. 


LITERATURE 


By reciprocal crossing of L. perenne and F. pratensis, JENKIN (10) obtained from 
approximately 8,000 emasculated flowers in total 12 mature F, hybrids. They were all 
diploid, male sterile and very weakly female fertile. Backcrossing to L. perenne yielded 
19 F, plants. Most of them could not be distinguished from perennial ryegrass and 
were normally fertile. Some resembled this type in outward appearance but showed a 
reduced fertility. One plant had a clearly deviating appearance and was to a slight 
extent both male and female fertile; on cytological examination it was found to be a 
triploid. The two first-mentioned groups of backcross hybrids in further crosses 
behaved as normal plants of L. perenne. In some cases, however, there were strong 
indications that they carried some genes of F. pratensis and transferred these to their 
offspring. The triploid plant, after crossing with L. perenne, produced offspring with a 
wide range of variation in type. 
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CROWDER (2) crossed L. perenne and L. multiflorum with F. pratensis, excised the 
young embryos from the seeds and grew them on nutrient agar. In spite of his pre- 
cautions only 0.3 % of these crosses resulted in hybrid plants. He obtained two hybrids 
which produced no offspring. 

CARNAHAN and HILL (1) crossed diploid L. perenne with tetraploid F. pratensis. 
Some hundreds of emasculated flowers produced 12 triploid hybrids. These grew more 
vigorous and were leafier than the parent plants, but they appeared to be highly 
sterile. By treatment of rooted tillers with colchicine the authors obtained an autoallo- 
hexaploid from every triploid. It was expected that the hexaploids would possess a 
higher fertility than the triploids. 

EssAp (3), also by colchicine treatment of tillers, obtained two amphidiploids from 
two diploid hybrids. The percentage of stainable pollen was 1.3 in the triploid, nearly 
40 in the amphidiploids. This would be an indication of the possibility to create fertile 
amphidiploids. 

From the literature it appears to be possible to produce diploid and triploid hybrids 
and to create from these hybrids amphidiploids and autoallohexaploids by means of 
colchicine-treatment. Attempts to utilize these hybrids for practical breeding purposes 
may therefore be undertaken on a diploid, a tetraploid and a hexaploid level. 

In all these cases it is desirable to combine a large number of genotypes of the parent 
species and to study the results of these combinations. This is only feasible when large 
numbers of hybrids can be obtained with relatively little work. The emasculation and 
pollination of thousands of florets and the production of amphidiploids and hexa- 
ploids by means of tiller-treatment are too laborious for practical application. A mass 
production of diploid and triploid hybrid seeds would enable us to apply seed treat- 
ment and to produce allopolyploids in an easier way and in larger numbers. 

Crosses of the parent species on tetraploid level and crosses of tetraploids of one 
species with octoploids of the other might produce amphidiploids and hexaploids 
directly. 

Finally a collection of hybrid types occurring in nature would constitute valuable 
supplementation of the experimental hybrids. 

The above-mentioned possibilities are now studied more closely. The preliminary 
results of this investigation are given below. 


THE PRODUCTION OF HYBRIDS 


In the years 1955, 1956 and 1957 attempts were made to cross selected clones of L. 
perenne and L. multiflorum as female parents with clones of F. pratensis as male parents. 
For this purpose 20 diploids, 3 triploids and 33 tetraploids of Lolium were used; of 
Festuca these numbers were 8, l and 18 respectively. 

The tetraploid clones were selected from C‚ and C‚ seedlings, obtained after colchi- 
cine treatment. The triploids were derived from C plants by means of spontaneous 
pollination. 

In the glasshouse 103 crosses were made by emasculating and pollinating 13,284 
florets of 324 inflorescences. The seeds obtained were germinated on moist filter-paper 
and then planted in flats in the glasshouse. The resulting plants were planted in the 
field in the spring. The results of these glasshouse crosses are tabulated below. 
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TABLE 1. SOME RESULTS OF CROSSES BETWEEN RYEGRASSES AND MEADOW FESCUE IN THE GLASSHOUSE 


Number of Number | Number of | Number 
Parent plants re leed PDE plants de suc hybrids per of hybrids 
- : | eessfu successfu per 
Lolium | Festuca dre ank Lolium | Hybrids | CFOSSES CIOSS spike 
2n 2n 18 58 6 4 = — — — 
2n An * je 21 64 188 5 138 10 13.8 4.1 
3n 200 2 6 — — — — — 
3n 4n 9 26 19 1 11 3 Sa 1.0 
4n 2n 17 SD 3 2 — — — — 
4n 4n 36 118 5 3 5 — = 


From this table it is apparent that the crosses were successful only when diploid and 
triploid Lolium plants were pollinated with pollen of tetraploid meadow fescue. Of the 
first-mentioned combination on an average 5.3 mature hybrids were obtained per 100 
florets. If the crosses which were not successful, for instance through incompatibility 
of the parental genotypes, are left out of consideration, 10 %/ of the pollinated florets 
yielded hybrid plants. Part of these crosses were carried out in winter after flowering 
had been induced by long day treatment. Under these circumstances the combinations 
Lolium?n x Festuca 4n produced on average 12.0 hybrids per 100 florets. The four most 
successful crosses produced 151 seeds (30.6 %) on 492 florets; the seeds gave 116 
mature plants, all of them hybrids. So in the most favourable cases 23.6 mature hybrid 
plants were obtained per 100 emasculated florets. The 15 Lolium seedlings are all 
derived from crosses made in summer. Presumably they resulted from spontaneous 
pollination by air-borne Lolium pollen, since the glasshouses could not be closed 
hermetically. 

A number of crosses, partly made by means of the same parent plants, was tested in 
the field in summer by simply bagging together the non-emasculated inflorescences of 
both parent species. In the bags the inflorescences of the Festuca parents were always 
in positions above those of the Lolium parents, so that conditions were less favourable 
for the reciprocal crosses. As, moreover, sometimes inflorescences of meadow fescue 
had to be used which already showed a beginning of flowering, as a rule only the seeds 
produced by Lolium ears were sown. The results of the field crosses are presented in 
table 2. 


TABLE 2. SOME RESULTS OF CROSSES OF RYEGRASSES AND MEADOW FESCUE IN THE FIELD 


Parent plants | Number | Namber | Number | NRE |Npmterl Nemerof | Nember 
crosses | spikes seeds cessful | successful per 
Lolium | Festuca Lolium | Hybrids | CFOSSES CTOSS spike 
2n 2n 3 17 30 14 1 1 1.0 0.2 
2n 3n 1 6 15 20 8 1 8.0 153 
2n 4n 15 61 382 19 156 10 15.6 3.6 
3n 3n | 1 3 7 5 = en dE Ee 
3n 4n | 2) 7 10 En 4 1 4.0 (kg 
AD, Se SL 1 D 1 | As eh EN 
An AEG SD SNEL Al oe Eh - en E, 
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From this table it is clear that the baggings 2n x 4n and 3n Xx 4n without emascula- 
tion produced about the same number of hybrids per spike as the crosses with emas- 
culation and artificial pollination. 

Although only a few combinations 2n x 2n and 2n Xx 3n were bagged, in both cases 
one cross was successful. The combinations 4n X 4n and 4n Xx 2n produced neither in 
the glasshouse nor in the field a single hybrid plant. 

The number of hybrids from seeds of Festuca panicles will be no exact standard for 
the prospective success of the reciprocal crosses. However, the hybrids obtained in some 
cases show that certain cross combinations are possible. For instance four hybrids 
were obtained from 40 panicles of tetraploid meadow fescue which had been bagged 
together with ears of diploid Lolium plants. In the combination Festuca 3n X Lolium 
2n five panicles produced three hybrids, whereas the combination Festuca 2n X Lolium 
4n resulted in one hybrid from six panicles. 

By treating tetraploid seeds with colchicine-solutions some octoploid plants were 
obtained in L. perenne, L. multiflorum and F. pratensis. So far no crosses have been 
made with these octoploids. 


THE CHARACTERS OF THE F,-HYBRIDS 


Morphological characteristics 


When L. perenne was used as the female parent the hybrids could be easily distin- 
guished from seedlings resulting from selfing by the “rolled” emergence of the 
youngest leaf, by the shorter ligule and by the broader leaf blade. This distinction was 
much more difficult when Italian ryegrass was used as the pistillate parent plant. How- 
ever, it did not present any difficulties as soon as the plants started heading. Although 
the hybrids in a vegetative condition had a somewhat different appearance from 
meadow fescue, in many cases they could not be distinguished from the latter before 
the heading stage. 

As a thorough investigation of our hybrids has not been carried out so far, only the 
most conspicuous characteristics will be mentioned here. 

Descriptions of diploid F‚-hybrids have been given by JENKIN (10), of triploid F,- 
hybrids by CARNAHAN and Hur (1). Judging from these descriptions and from our 
own observations, the influence of Lolium parent on mature plant characters is less 
pronounced in the triploid than in the diploid hybrids. 

The inflorescence of the triploid hybrids is intermediate between the spike of Lolium 
and the panicle of Festuca. As a rule the lower nodes carry a side-rachis with 3 to 5 
spikelets; towards the tip spikelets occur singly at the nodes. Only in weak plants and 
in weak tillers the inflorescences are sometimes unbranched. Also ín these cases, how- 
ever, they can easily be distinguished from pure Lolium spikes by their laxer structure 
and by the festucoid appearance of the spikelets. These are not compressed as in 
Lolium, but more cylindrical as in Festuca, elongated, rather lax and multiflowered. 
There are usually two glumes in the lateral spikelets, whereas there is only one in 


Lolium. 


Vigour 
The general impression is that the hybrids grow more vigorously than either parent. 
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In the first preliminary trials in which the former were compared with seedlings or 
clones of the parent plants, they distinguished themselves by more leaf production in 
the spring. 

In table 3 the data of some of these trials have been summarized. The leaf production 
was estimated on 1 May 1958 according to a scale of 2 (very low) to 9 (very high). The 
figures for the aftermath growth in summer in rough outline exhibited the same trend. 


TABLE 3. FREQUENCY DISTRIBUTION FOR SPRING PRODUCTION OF DIPLOID PLANTS OF PERENNIAL RYE- 
GRASS, OF TETRAPLOID PLANTS OF MEADOW FESCUE AND OF THEIR TRIPLOID HYBRIDS 


Number of Estimation of leaf production in spring 
| 
plants NE 
OUD Denen 29 2 3 5 6 9 | 1 3 | 
FestucaAn Tse. ee. 14 D 6 4 2 
E‚ Bybiid tte 85 1 2 3 12 olien 25u 128 | 14 


So far no data are available of the winterhardiness of the artificial hybrids. Some 
spontaneous hybrids which were collected in 1955, in the winter of 1955/56 appeared 
to be equally winterhardy as indigenous plants of meadow fescue and to surpass 
clearly the best clones of perennial ryegrass in this respect. It was remarkable that a 
Festulolium hybrid which was obtained by spontaneous fertilization of a hybrid be- 
tween perennial and Westerwolths ryegrass also showed a very high degree of winter- 
hardiness. 


Fertility 


All artificial hybrids had non-dehiscent anthers; they were male sterile. The contents 
of pollen sacs of 17 plants were stained with aceto-carmine and observed through the 
microscope. In three hybrids of the cross Lolium 2n x Festuca 3n not a single normal- 
looking pollen grain was found. In 14 hybrids between diploid Lolium and tetraploid 
meadow fescue the percentage “good” pollen varied from 0 to 3.8. 

In order to gain an impression of the female fertility, some spontaneously pollinated 
inflorescences of a number of hybrids were collected. In general seed setting appeared 
to be very poor, but of various hybrids between diploid Lolium and tetraploid Festuca 
a few dozens of seeds were obtained. They produced in total 31 mature plants. 


HYBRID TYPES IN NATURAL GRASSLAND 


As was already mentioned not seldom intermediate forms are found in places where 
L. perenne and F. pratense occur side by side. They seem to prefer the ditch-sides of 
meadows, but they are also found on other places in pastures and along way-sides. 
When in flower they can be easily distinguished from the pure species and largely 
resemble the artificial hybrids. 


In total 93 of these intermediate types were collected from six habitats. On the basis 
of their outward appearance and their behaviour they could be grouped into two cate- 
gories. 
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The largest group comprised types as collected by JENKIN in Great Britain, variable 
in habit, in culm size, in degree of branching of the inflorescences and in leaf size. 
Plants from the same habitat were almost similar in their characters. 

A small group of vigorous individuals derived from a meadow bordering the Kaagse 
Plassen (a lake near Warmond — province of South-Holland) differed from the first 
group in that the plants produced unbranched spikes even on the most vigorous tillers. 
They evidently deviated from L. perenne by their very lax inflorescences and by the 
cylindrical festucoid spikelets which were usually subtended by two glumes. On 
cytological examination they appeared to be triploid. 


The pollen of 87 plants of the first group was examined; 75 plants produced less 
than 1 % normal pollen; in 12 plants this percentage varied from 1 to 10. In all these 
cases the anthers were non-dehiscent so that the plants were male sterile. However, the 
three plants derived from De Kaag had dehiscent anthers with 76-79 9% normal pollen. 
Triploids of this type have not yet been found in nature, as far as the author is aware. 

Seeds from open pollinated inflorescences were harvested from six of the first- 
mentioned male sterile hybrids; on cytological examination these plants were found to 
be triploids. The seeds produced 70 mature plants. 

The three male fertile plants from de Kaag yielded a large number of seeds from 
which 650 plants were raised. Consequently plants of both groups can be used for the 
production of following generations. However, more investigations are needed to 
ascertain which plants are desirable as male parents. 


PLANTS OF THE SECOND GENERATION 


Only part of the spontaneously produced plants of the second generation has 
flowered so far; therefore only a few observations could be made and their results have 
only a preliminary value. The data on male fertility have been summarized in table 4. 


TABLE 4. MALE FERTILITY OF NATURAL AND ARTIFICIAL HYBRIDS AND OF THEIR OPEN POLLINATED 


PROGENIES 
Number | Percentage of stainable pollen Anthers 
Material of plants Er ĳ NG 
examined | Minimum een Average dte Dehiscent 
F, Lolium 2n X Festuca An .. 14 0.0 3.8 1,3 14 0 
F, Lolium 2n X Festuca 4n .. 8 0.0 | 99.3 20.6 g/ 1 
Natural hybrids Wageningen . 9 0.0 2.3 0.8 9 0 
F, Natural hybrids Wageningen 18 6.1 98.0 70.0 3 15 
Natural hybrids de Kaag . . 3 Jed 78.5 77.0 0) 3 
F, Natural hybrids de Kaag . 19 0.0 87.9 SOR, 2) 14 


From this table it is clear that in the offspring of the artificial triploid hybrids the 
pollen fertility has greatly increased and in one case has become quite normal. In the 
offspring of the male sterile natural hybrids there was a far greater improvement of the 
pollen fertility; 15 plants had more than 46 % “good” pollen and fully dehiscent 
anthers. In the two plants with less than 40% ““good” pollen the anther-lobes 
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remained completely closed, while in one plant with 41 % “good” pollen they were 
partially dehiscent. This suggests that the anthers may be able to shed pollen when the 
percentage of normal pollen grains rises above a value of about 40. 

The data from table 4 show that both the artificial and the natural triploid male 
sterile hybrids carry the potentiality of producing male-fertile types in their offspring. 
The value of such derivative types for practical breeding purposes will depend on the 
question whether they combine valuable genes from both parent species and whether 
they transfer such combinations to their progeny. In the present stage of the investiga- 
tion this cannot be stated conclusively. However, a preliminary study of the material 
gives some indications in this direction. 


In the offspring of the artificial hybrids seven individuals could not be distinguished 
morphologically from Lolium plants, two were similar to Festuca pratensis and four 
closely resembled the F‚ plants. In addition two Festuca plants occurred with awned 
glumes and two plants which showed inner glumes as a constant feature but were 
otherwise completely Lolium types. 

Most derivatives of the male sterile natural hybrids were morphologically not clearly 
distinguishable from L. perenne or F. pratensis. A plant which had a very close resem- 
blance to Lolium had the short ligule of meadow fescue. 


Among the offspring of the plants derived from de Kaag only one individual was 
found with the characters of meadow fescue. The inflorescences of the other flowering 
plants all conformed well to the Lolium perenne type. However, there was far wider 
variation in plant type than that observed in earlier collections of thousands of plants 
sampled from various types of grasslands in the Netherlands. Apart from plants with 
very broad leaves there were other types with extremely narrow ones, resembling those 
from Festuca rubra. Such plants also occurred in some progenies from male-sterile 
spontaneous hybrids, though in smaller number. They corresponded in many respects 
to the description of JENKIN’s plant 92-bE-2, obtained by crossing the triploid plant 
from his first backcross generation with L. perenne (JENKIN, 10). 


DISCUSSION OF THE RESULTS 


The data of tables 1 and 2 indicate that the breeding affinity of L. perenne and L. 
multiflorum with Festuca pratensis largely depends on the chromosome-numbers of the 
parent plants. For a closer examination of this question the results of the crosses have 
been summarized in table 5. 


Although the various combinations are represented very disproportionately, the 
data of table 5 are a strong indication that by using Lolium plants asthe female parents 
the crosses will be more successful as the number of Festuca chromosomes approaches 
more the double number of the Lolium chromosomes. 


According to CROWDER (2) and JENKIN (10), after crossing diploid plants of L. 
perenne and L. multiflorum with F. pratensis, an embryo is often initiated. However, 
there is usually no further development and no germination of the seed, since no 
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TABLE 5. RELATION BETWEEN THE CHROMOSOME-NUMBER OF THE PARENT PLANTS AND THE NUMBER OF 
HYBRIDS FOUND 


Parent plants Rahoiof Number of crosses |_Number of hybrids 
| Festuca and Number Per 
Festuca | Lolium Lolium Total Successful | Of hybrids | successful | Ber 
chromosomes en spike 
An | 2n DO 36 20 294 14.7 4 
ga fsi eet Lel 1 1 8 8.0 
4n 3n 13 Rif 9 4 15 3.8 (el 
2n 2n Orsel 20 1 1 1.0 | 
3n 3n IO nat 1 = — — 
4n An (ROR 42 — — = — 
2n 4n OSS mei 18 — — — = 


normal endosperm is produced. If the seeds germinate, the seedlings are very weak at 
first. Only in one case JENKIN obtained a hybrid which grew more vigorously from the 
beginning. It was produced by a well-developed seed which apparently had possessed 
normal endosperm and which had originated by pollination of meadow fescue with a 
mixture of ryegrass and meadow fescue pollen. JENKIN presumes that in this case male 
gametes of both species have entered the embryo sac. One of the Lolium gametes is 
supposed to have conjugated with the egg cell to lay the foundation of the hybrid 
embryo. The development of the endosperm would be due to a conjugation of the F. 
pratensis fusion nucleus with a gamete of meadow fescue. The fact that this particular 
eross did not produce meadow fescue seeds is an indication that the gametes of pe- 
rennial ryegrass penetrated more rapidly than those of meadow fescue and thus 
rendered impossible a fertilization of the egg cells by the meadow fescue gametes. 

By connecting the data of table 5 with the formation of endosperm they can be inter- 
preted in the following way: A haploid Festuca gamete cannot conjugate with the 
diploid fusion nucleus of Lolium, or the triple nucleus is not capable of inducing a 
normal formation of endosperm. A diploid Festuca gamete combines fairly easily with 
the diploid fusion nucleus of Lolium and the nucleus produced — presumably tetraploid 
— effects a normal endosperm production. Triploid plants of meadow fescue may 
partly form superhaploid or subdiploid gametes which in this respect might be inter- 
mediate between haploid and diploid gametes. 


Two sets of chromosomes of F. pratensis apparently have a similar — though weaker 
— effect than one set of Lolium chromosomes. The question now arises how the male 
gametes of the natural polyploids of the genus Festuca behave in crosses with Lolium. 
Table 6 presenting some results of the extensive breeding experiments of JENKIN (4, 5, 
6, 7, 8, 9, 10) partly answers this question. 


In these crosses also the number of viable seeds produced appears to be larger as the 
number of chromosomes of the father plant is increased. As under favourable con- 
ditions pollination of diploid Lolium by tetraploid F. pratensis plants produced on 
average 12.0 hybrids per 100 florets, it can be concluded that 14 chromosomes of F. 
pratensis are about as effective as 21 chromosomes of F. arundinacea, more effective 
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TABLE 6. RELATIONS BETWEEN THE NUMBER OF CHROMOSOMES OF THE FATHER PLANTS AND THE PERCEN- 
TAGE OF GERMINATED SEEDS AFTER CROSSING Lolium perenne WITH VARIOUS Festuca SPECIES 


Number of Â 3 
Male parent chromos Germinated hybrid seeds per 100 florets 
Hestuearcapil tan enn 14 0 
ECDL OLEN NSE 14 0.2 
DR CLLOD Hv en 28 1.6 
EOV vee 28 12 
Ere VUDND ie en etl PES | 42 8.3 
LOCO 42 8.8 
5 ONU oe oe & 42 13.0 


than 21 chromosomes of F. rubra and F. gigantea, and much more effective than 14 
chromosomes of F. ovina and F. heterophylla. This gives the impression that the 
breeding affinities are less determined by the ratio between the number of chromo- 
somes than by the ratio of homologous chromosomes, chromosome segments, or 
particular genes. Further speculations in this field, however, are beyond the scope of 
this paper. 


The most important practical result of the breeding experiments is that hybrids of 
Lolium and F. pratensis can be easily produced on a large scale, by bagging together 
non-emasculated inflorescences of self-incompatible diploid Lolium plants and panicles 
of tetraploid F. pratensis. In selecting intercompatible parents, 5 to 10 hybrids per 
spike could be obtained. In as far as such hybrids were examined cytologically, they 
appeared to be triploids. Treatment of the germinated seeds with colchicine will then 
produce hexaploids. The laborious tiller treatment can be avoided and each duplica- 
tion will result in a new hexaploid genotype. 

The aim of producing large numbers of diploid hybrid seeds by the selection of 
intercompatible diploid parent types, and to create from these seeds amphidiploids by 
colchicine treatment, could not be realized so far. Nor was an attempt to produce 
amphidiploids by intererossing tetraploid parent species successful. 

However, this does not exclude the possibility to use hybrids for practical breeding 
purposes on a tetraploid level. Perhaps diploid hybrid seeds can be produced on a 
larger scale by pollinating, simultaneously or successively, diploid Lolium plants with 
haploid and diploid pollen of meadow fescue. A haploid gamete might conjugate with 
an egg cell and induce an embryo. A diploid gamete might conjugate with the fusion 
nucleus and thus initiate endosperm. 


The hybrids of diploid Lolium and triploid meadow fescue offer other possibilities. 
„Among them aneuploids may occur; colchicine treatment of hybrid seeds may Create 
supertetraploids which after mutual crossing may produce pure amphidiploids. 


The above-mentioned ways would lead to the creation of entirely new plant types 
with complete genomes of Lolium and Festuca pratensis. Such plants may demand a 
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treatment quite different from the diploid parent species. This will apply to a far lesser 
extent, if at all, when separate genes or gene complexes of F. pratensis can be combined 
with the genome of Lolium. The results of JENKINS’ investigations strongly indicate 
that by backcrossing diploid hybrids to perennial ryegrass, genes of F. pratensis can be 
transferred to plants that are otherwise L. perenne and are interfertile with L. perenne. 
The same results may be obtained by backcrossing triploid and aneuploid hybrids, 
which can be produced on a larger scale, to diploid ryegrasses. JENKIN’s triploid back- 
cross hybrid after further backcrossing to L. perenne, produced an offspring which 
showed a strong tendency towards a return to the diploid state and to normal fertility. 


However fragmentary our own data may be, they show that from artificial and 
natural triploid hybrids new types can be developed which in addition to a majority of 
morphological characters of one species also possess some characters of the other 
species. Among them also highly male-fertile plants occur. It seems most probable, 
therefore, that fertile forms can be bred which combine some physiological characters 
of the two parent species. Further research must prove whether such forms can be 
developed in a stable condition and which line should be followed for that purpose. 
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SAMENVATTING 


Bastaarden van raaigrassen en beemdlangbloem 
en hun betekenis voor de grassenveredeling 


1. In een kas werden 103 kruisingen beproefd tussen 56 planten van Lolium perenne en 
Lolium multiflorum als moeder en 27 planten van Festuca pratensis als vader. In 
totaal werden 13.284 gecastreerde bloempjes van diploide, triploide en tetraploide 
Lolium-planten bestoven met stuifmeel van diploide en tetraploide Festuca-planten. 
Alleen de combinaties 2n Xx 4n en 3n Xx An leverden hybriden op, nl. gemiddeld 
respectievelijk 5,3 en 1,0 volwassen bastaardplanten per 100 bestoven bloempjes. 
Bij de kruisingen, die in de winter werden uitgevoerd waren deze gemiddelden resp. 
1 0renr 450 

2. Ongecastreerde aren van diploide, triploide en tetraploide planten van L. perenne 
en L. multiflorum werden op het veld in pergamine zakken ingehuld met pluimen 
van diploide, triploide en tetraploide planten van F. pratensis. Behalve van de 
bovengenoemde combinaties werden ook hybriden verkregen van de kruisingen 2n 
x 2nen 3n x 4n. Het aantal per aar geproduceerde hybriden was gemiddeld onge- 
veer even hoog als bij overeenkomstige kruisingen in de kas. 

Door aren van zelfincompatibele diploide planten van L. perenne en L. multi- 
florum op het veld samen in te hullen met pluimen van tetraploide planten van £. 
pratensis kunnen gemakkelijk grote aantallen triploide bastaardzaden worden ver- 
kregen. Dit maakt zaadbehandeling met colchicine, voor het verwekken van auto- 
allohexaploiden, in de praktijk uitvoerbaar. 
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. Triploide hybriden vertoonden een grotere voorjaarsproduktie en een betere na- 


groei in de zomer dan de ouderplanten. Spontaan verkregen natuurlijke bastaarden 
waren winterharder dan de meest winterharde inheemse typen van Engels raaigras. 


. Alle kunstmatige en de meeste natuurlijke hybriden hadden niet-openspringende 


meeldraden; het percentage normaal lijkend stuifmeel varieerde bij de eerste van 0 
tot 3,8 %, bij de laatste van O tot 10 %. Verschillende planten van beide groepen 
waren zwak vrouwelijk fertiel. Enkele in de natuur gevonden planten met bastaard- 
kenmerken hadden openspringende meeldraden en meer dan 75 % „„goed”’ stuif- 
meel; zij waren vrij goed vrouwelijk fertiel. 


. Spontane zaailingen van triploide manlijk steriele hybriden gaven naast een meer- 


derheid van planten die sterk overeenkwam met de oudersoorten of met de F, gene- 
ratie, ook typen met nieuwe combinaties van eigenschappen. Het percentage goed 
stuifmeel was aanmerkelijk hoger dan in de voorgaande generatie, verschillende 
planten hadden openspringende meeldraden. In spontane families van de manlijk 
fertiele bastaardvormen kwamen sterk afwijkende vormen van Lolium voor. 


. Enkele mogelijkheden, die de verschillende kruisingscombinaties voor de verede- 


ling van raaigrassen bieden, werden besproken. 
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ABSTRACT 


A large number of seedlings of various cucumber varieties have been tested for 
bitterness. In the American variety Improved Long Green one plant was encountered 
that was non-bitter. This form of non-bitterness is highly valuable for breeding pur- 
poses, because of the possibility to select for non-bitterness at the seedling stage. Non- 
bitter varieties, as occur in other Cucurbitaceae, were not encountered in the many 
varieties investigated. Bitterness of cucumber and melon plants seems to be controlled 
by one dominant gene. 

Plants can be judged for non-bitterness simply by tasting them, provided that the 
tasters have previously been tested for sufficient discriminatory power. 

Non-bitterness of the young seedlings can also be shown by a chemical reaction. To 
this end a simple method has been developed. 


INTRODUCTION 


Bitter principles are of general occurrence in the Cucurbitaceae (HEGNAUER, 9; 
ENSLIN, JOUBERT and REHM, 4). They may occur in the roots, leaves and fruits. The 
seeds of most Cucurbitaceae are not bitter, but a few hours after germination very high 
concentrations of bitter principles may be encountered in the roottips (REHM and 
WESSELS, 12). 

The occurrence of bitter fruits in cucumber, Cucumis sativus, can be a serious eco- 
nomic problem. According to the manner in which they form bitter principle cucum- 
bers can be divided into three categories. 

a. cucumber varieties of which the fruits can become bitter and of which the 
vegetative parts of the plant are always bitter. This category embraces most of the 
current varieties. The extent of bitterness of the fruits depends on the genetical 
characters of the varieties and on the growing conditions (VOGEL, 13). 

b. cucumber varieties of which the fruits, even under unfavourable growing con- 
ditions do not turn bitter, but of which the vegetative parts of the plants are always 
bitter. The German variety Reusrath’s Bitterfreie belongs to this category. Some 
authors mention varieties which under unfavourable growing conditions never produce 
bitter fruits. However, they do not indicate whether the vegetative parts of the plant 
contain bitter principle. Probably these varieties also belong to category b. HARTMAIR 
(8) never found bitter fruits in some Asiatic cucumber varieties used for breeding 
work in Weihenstephan. ADAM (1) mentioned non-bitterness in the fruits of various 
lines of Chinesische Schlangen ; ENSLIN, JOUBERT and Renm (4) never found bitterness 
of the fruits in newly developed cucumber varieties grown under S. African conditions. 


1) Respectively crop specialist and phytochemist. 
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c. Cucumber varieties, which completely lack bitter principles both in the fruits and 
in the vegetative parts of the plant. Varieties with entirely non-bitter plants are not yet 
mentioned in the literature. REHM and WessELsS found non-bitter plants in other 
Cucurbitaceae, such as Cucurbita maxima, Cucurbita mixta, Cucurbita pepo, Luffa 
cylindrica, Cucumis melo. In the cucumber varieties investigated by them non-bitter 
plants could not be detected. They assume that if cucumber seedlings could be found 
that were free from bitter principle, then the plants raised from them would not form 
bitter principles under any conditions. 

In recent years the problem of bitterness of cucumber fruits has become more and 
more serious in the Netherlands. That is why the Institute of Horticultural Plant 
Breeding at Wageningen started a series of investigations to find out whether this 
problem could be solved by breeding non-bitter varieties. At first only the variety 
Reusrath’s Bitterfreie was available, of which the fruits only are non-bitter. Attempts 
were made to indicate this form of non-bitterness in the young plants by means of a 
chemical method (see page 16). After receiving in 1957 the above mentioned publi- 
cation by REHM and WesseLs (12) the investigations of Reusrath’s Bitterfreie were 
stopped. Instead a search was made for cacumber plants that dit not contain any bitter 
principles. 

If non-bitter plants could be found it would be very advantageous for breeding 
work, for then it would be possible to select easily for non-bitterness in the young 
seedling stage. In populations from crossings with Reusrath’s Bitterfreie, which variety 
has only non-bitter fruits, selection is not possible until the fruits are formed. More- 
over the plants should be grown under such conditions that it becomes possible to 
discard those plants which can produce bitter fruits under unfavourable conditions. In 
this case selection is more difficult and less reliable. 

To begin with, a large number of plants were tasted and at the same time attempts 
were made to develop a chemical method of distinguishing the non-bitter plants from 
the bitter ones. 


CHEMICAL INVESTIGATIONS ON BITTER PRINCIPLES 


a. Literature review 


As a rule bitter principles are compounds of which the widely varying structure is 
not yet sufficiently known. Research on bitter principles in Cucurbitaceae was impeded 
because of the difficulty to obtain these compounds in pure crystalline form. Most 
investigators were unsuccessful in this respect, so that the data in the older literature 
are often contradictory. Recently more data have been obtained on these often very 
toxic bitter principles as a result of the work of some South-African investigators 
(ENSLIN, REHM ef al. 3, 4, 5, 11 and 12). 

An extensive literature survey has been written by HEGNAUER (9). 

The isolation and chromatography of the bitter principles in Cucurbitaceae was 
investigated by ENSLIN (4). ENSLIN calls these bitter principles cucurbitacins; he 
distinguishes cucurbitacin A, B, C etc. 

In about 90 of the approximately 800 known species of the Cucurbitaceae bitterness 
has been reported. Cucumis sativus contains cucurbitacin C. The young seedlings con- 
tain cucurbitacin B in the roots, whereas the cotyledons at first contain B and C, later 
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only C. The young seedlings of Cucumis melo contain cucurbitacin B in the radicles 
and cotyledons; in addition traces of other bitter principles occur. According to 
ENSLIN and RrverT (5) many cucurbitacins occur as glycosides. All the members of the 
genus Cucumis; however, contain the cucurbitacins as aglycones (11). The tentative 
formula for B is C3HagOg, that for C is C39H50Os. All bitter principles in this family 
contain two or more alcoholic hydroxyl groups (in cucurbitacins A, B, C and E an 
acetyl group is also present) while a very characteristic structural feature is the pre- 
sence of several keto-groups. 


b. Experimental results 


When in 1956 our chemical investigations of bitter cucumbers were started, a large 
part of the literature mentioned above had not yet been published. At first our aim was 
to find a simple chemical method of distinguishing in a young stage cucumber varieties 
which can produce bitter or non-bitter fruits. We started with a search for a reaction to 
bitter principle in the fruits. A large number of reactions with press-juice from bitter 
and non-bitter fruits did not produce any reproducible difference. After having taken 
note of the publication of ENSLIN et al. (4) we started a paper chromatographic in- 
vestigation of a number of young plants. To this end a variety was used of which the 
full-grown fruits were known to become easily bitter as well as a variety (Reusrath’s 
Bitterfreie) with non-bitter fruits. Of a number of plants of both varieties a purified 
extract was made (3), and after paper chromatography the reaction of ENSLIN with 
copper acetate-potassium permanganate was applied. In addition an infra-red- 
absorption spectrum of these purified extracts was made by Mr. L. vAN Dick, of the 
N.V. Organon at Oss. No reliable differences were found. 

Treatment of the chromatograms with various reagents did not produce any differ- 
ences either. Some reactions were positive, to be sure, but they were so in extracts of 
both varieties. For instance treatment with SbCI; in chloroform after heating to 100°C 
produced clearly fluorescent spots under U.V. light. 

In both cases the copper acetate-permanganate reaction according to ENSLIN was 
also positive. Moreover the Rf values of all spots were the same so that the provisional 
conclusion could be drawn that the SbCI, reaction is a reaction to cucurbitacin C. This 
reaction is more sensitive than ENSLIN's. 

Cucurbitacin C was demonstrated in the vegetative parts of all young plants under 
investigation. Differences in composition between plants with non-bitter and those 
with bitter fruits were not found. 


At the end of 1957 a search was started for varieties with non-bitter seedlings. At 
that time it was of importance to develop a rapid reaction to cucurbitacin C. Such a 
reaction should also be simple and highly sensitive, since the bitter principle content in 
the cotyledons is only 0.001-0.009 % (12). A reaction necessitating previous purifica- 
tion is not usable. Hence, a reagent like triphenyl tetrazoliumchloride is not suitable, 
since other plant constituents also react with this reagent. Finally it was found that the 
bitter principle can be demonstrated without chromatographic separation by extract- 
ing a cotyledon with chloroform, placing a drop of the solution on filter paper, 
moistening the paper with a saturated solution of SbCl; in chloroform and heating at 
100°C for 3 minutes. The result will be a lilac fluorescent spot, which is visible in 
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U.V.light. The same reaction. with radicles of bitter seedlings produced a weak cinna- 
mon spot in U.V light. Using the pure cucurbitacins B and C, which we had mean- 
while received from Dr. Renm, these reactions could be confirmed. According to 
ENSLIN et al. (4) the bitter principles produce only weak spots with this reagent. From 
correspondence with the South African investigators it has meanwhile appeared that 
Dr. ENsLIN has been able to confirm that cucurbitacin C reacts much more markedly 
with SbCI; than the other cucurbitacins. 

Young seedlings of a variety of Cucumis sativus from Celebes with a variable bitter 
principle content were used for comparing the above method with the tasting tests. 
Fifty seedlings were investigated of which the majority were positive; some were 
slightly positive and the remainder negative. The results of the tasting tests were iden- 
tical. Later it was found that in the older plants, which were negative or slightly 
positive in the seedling stage, bitter principle did occur. So neither the taste nor the 
chemical reaction of the young seedlings fully guarantee the absence of bitter principle 
in older plants. Tdh 

For selection purposes the reaction is carried out as follows. 


In a metal rack 25 test-tubes are placed. This rack has been made in such a way 
that the tubes cannot shift about and consequently need not be numbered. In 
each tube one-half of the cotyledon is placed, which operation does not harm the 
plants. Next about 0.7 ml of chloroform is poured from a burette into each tube, 
after which the rack is placed in a water bath at about 90°C for some minutes. 
The bitter principle is extracted by the chloroform, at the same time concentrating 
the solution to about one drop. Then the rack is removed from the water bath and 
from each tube a drop is run off on a piece of filter paper previously provided with 
25 numbers. This paper is moistened with a saturated solution of SbCI, in chloro- 
form, heated in a stove at 100°C for 3 minutes and judged under a U.V. lamp. 


The intensity of the fluorescence is a criterion of the bitter principle content. Using 
a standard solution we found that cucurbitacin C can be demonstrated from about 
0.01 y (1 y = 0.001 mg). So the reaction is very sensitive. We have tried in different 
ways to simplify the reaction, for instance by pressing the cotyledons on filter paper, 
drying, and reacting directly with SbCI; on the spots that have appeared. In this case, 
however, the results are indistinct and unreliable. In the radicles of seedlings with non- 
bitter cotyledons from a selfed non-bitter plant of Improved Long Green, bitter prin- 
ciple could not be demonstrated either. A chromatographic investigation of some 3 
fruits of a non-bitter plant of the above variety showed that these fruits did not contain 
bitter principle or allied compounds. “Normally” non-bitter fruits often produce on 
the chromatogram a positive SbCI3 reaction consisting of a spot with about the same 
Rf value as that of cucurbitacin C. Possibly this is a precursor of the bitter principle or 
a compound formed by enzymatic transformation from this precursor. This substance 
could not be demonstrated in al! cases. Whether this is due to these compounds being 
absent or to their concentrations being too low is not clear. At any rate the SbCIs 
reaction is not suitable for determining bitterness in fruits. 
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Fig. 1. FRUITS OF NON-BITTER 
IMPROVED LONG GREEN 


Fi. 2. DUTCH CUCUMBER VARIETY 
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SEARCH FOR NON-BITTER CUCUMBER PLANTS 


It was ascertained whether the collection of cucumber varieties of our Institute 
contained any non-bitter plants. At first no rapid chemical method was available for 
distinguishing the non-bitter plants from the bitter ones. Therefore tasting them was 
the only usable method. Although a large number of plants can be rapidly tasted, there 
are some drawbacks. To test the discriminatory power of the tasters, use was made of 
a number of melon seedlings most of which were bitter (var. Honey Dew). Per twenty 
seedlings two non-bitter ones were included (var. Hales Best). A relatively small 
number of people working at our Institute was found to be capable of picking out 
correctly the plants that were non-bitter. As a rule a good taster cannot treat more 
than 20 to 30 plants at a time. The taster has to correct his taste now and then by con- 
suming for instance a piece of toast or apple. The plants were judged for bitter prin- 
ciple content when the two cotyledons were in a horizontal position. (According to 
RenmM and WESSELS (12) the bitter principle content of the cotyledons increases steadily 
until full expansion has occurred.) As the non-bitter plants, if any, had to be grown on, 
the tasters were not allowed to use more than one-half of a cotyledon. First it was 
ascertained whether, just as in Cucumis melo and other Cucurbitaceae, cucumber 
varieties with entirely non-bitter plants were already in our possession. Of the follow- 
ing varieties a number of plants, mostly some dozens, were tasted; among these, non- 
bitter plants were not found. 


Acur, Baarlose Nietplekker VI en VIL, Beemster Ruige, Beit Alpha Ben Shemen, Bertschagovskie, 
Betuwse Witte, Borovskie, Burpee’s Sunnybrook, Butcher’s, Cavallius Lage agurk, Chinese Lange 
Groene, Colorado 1414, Dansk Asie, Westlandse Halflange Witte, Delicatess, Delizia, Detroit, Driv 
Vestervang, Early Fortune 11123, Eminent, Evergreen, Excelsior, Favorit, Filia O.J.O., Fournier, 
Géant de pleine terre, Gele Tros, Graf Zeppelin, Guntruud, Highmoor, Hoffmann’s Giganta, Hoff- 
mann’s Produkta, Ideaal, Izumi, Jeep, Kanmore, Kooperator, Lange Groene vollegrond, Langelands 
Riesen, Lange Witte, Marjalanskie, Medio Largo, Melnik, M.R. 17, Muromsk Drue, Niagara, Ohio 
31, Orion, Pepino verde largo Inglese, Perfecta, Reusraths Bitterfreie, Rhinsk Drue, Robusta, Russisk 
Drue, Spangsberg gron, Succes, Talachovskie, Tatschenskie, Toogood’s Prolific Ridge, Torpedo, 
Unicum, Venus, Verbeterde vollegrond, Verde Paulistana 1 A.C.1306, Vert demi long Prolifique, Vert 
demi long Robusta, Vert long anglais épineux, Vert long Danois, Vert long Maraîcher, Vert long 
Prolifique, Vert très long de Chine, Volltreffer Kastengurke, Westlandse Gele, Wisconsin S.M.R. 12, 
Wisconsin S.R. 6, Wisconsin S.R. 10, Witte Bruid, Wjasnikowsche, Yamatosanjyaku, Yates Crystal, 
York State Pickling, Znojmo, I, H, UI, IV, V (Roumania), F1 21954 (Drivgurka), a number of FI’s 
of which both parents are shown in the above list. 


Therefore it seemed more probable that, even when entirely non-bitter plants should 
occur, their number among the existing varieties would be very low. As we did not 
know what varieties were likely to contain non-bitter plants, a start was made with 
tasting a large number of seedlings of cucumber varieties of which we happened to 
possess much seed. Some of these seedlings were less markedly bitter, others were non- 
bitter or hardly so (see table 1). When grown on in a glasshouse the vegetative parts of 
all plants but one were not entirely free from bitter principle. Although under our 
conditions none of these plants produced bitter fruits, all the plants that had traces of 
bitter principles in their vegetative parts were removed. At the end of the growing 
season only one out of the 15,000 plants tested remained. Neither in the vegetative 
parts nor in the fruits of this plants could bitter principles be demonstrated by organo- 
leptic or chemical methods. This plant, which was found in the American variety 
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Improved Long Green, is being used for further breeding work as size and shape of 
the fruits are unsatisfactory for our conditions (fig. 1 and 2). 


TABLE Î. RESULTS OF TASTING A NUMBER OF SEEDLINGS OF CUCUMBER VARIETIES 


Varieties Number of plants tasted | Non-bitter or slightly bitter 
Amsterdamse Gele. …. .…..--e. à 124 — 
Ballady=shortsfruited nnn 250 — 
Burpee Hybrid Brin n 154 — 
Cuc. sativus, Cairo ... 17 4 
Cuc. sativus, Celebes ... 1130 115 
CUENSALIVUSNE NDE 460 9 
Cuc. sativus, India no. 1 . . 160 = 
Cuc. sativus, India no. 2 87 = 
Cuc. sativus, India no. 3 67 — 
Cuc. sativus, India no. 4 470 1 
Cuc. sativus, Indonesia no. En 550 — 
Cuc. sativus, Indonesia no. 2 . ... 440 DD) 
Cuc. sativus L., 2064, Leningrad .. . 660 = 
Cuc. sativus L., 2221, Leningrad .. . 460 =e 
Plinnoplodnyj . 4 s Bl 640 — 
GroeneStandaardam. en 176 — 
bmprovelnbongiGreeam 1620 2 
Kagaoanaga-fushinari ....... 10 1 
Klinsky. . . re EN EMA 240 — 
Leningradskij 23. ne onl ADIB nt 425 — 
WentseiGele ltr Nc 188 — 
Mirovskkij AP LEA Abt EARN 133 — 
Nijesdhintven 4 sArSeihentd Hems f 520 — 
Palmettow.4 wees EN LEN GEN. 200 — 
Poona, Short White Aere NE Viba 225 — 
RjäbtsChulrn heft ek sd EL BE „En tk 450 — 
Rschaw 301 .. . KRG Fo 580 = 
Spietsausmie nl HOR NER EES 341 = 
Spotvrijes sE NE CREE OEE sv 243 — 
Telegraaf mmm €} aam) 208 — 
Toogood’s Her Malesns lar 19 1 
Wiadiwostoknr EN 580 = 


HEREDITY OF BITTER PRINCIPLE 


F, plants from a cross of non-bitter Improved Long Green and a bitter Dutch variety 
were all bitter. The seeds obtained after selfing of the non-bitter Improved Long Green 
plant produced only non-bitter seedlings. 

In the F, plants derived from a cross between non-bitter Improved Long Green and 
a bitter Dutch variety, the ratio between the bitter and non-bitter plants was found to 
be 983 : 344. This does not differ significantly from the ratio 995 : 332 representing the 
correct 3 : 1 segregation. 

The F‚ plants were tested chemically. The non-bitter plants were then subjected to a 
tasting test in which they did not show bitterness either. 

As we happened to have F, seeds of a cross between the melon varieties Westlandse 
Enkele Net with bitter seedlings and Hales Best 36 with non-bitter seedlings, we were 
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also able to test the ratio bitter: non-bitter in melon. 297 plants were tasted, 225 were 
bitter and 72 non-bitter. Here, too, the figures point to a bitter/non-bitter ratio of 3 : 1. 


DISCUSSION 


The assumption of Renm and Wessers (12) that entirely non-bitter cucumber plants 
exist was found to be true. However, non-bitter varieties, as occur in melon and other 
Cucurbitaceae, were not encountered in the many varieties investigated. 

As already stated in the introduction non-bitterness of the whole plant is very 
advantageous for breeding purposes, for then it is possible to select for non-bitterness 
in the young seedling stage. 

Bitterness of the plants seems to be controlled by one dominant gene. BARHAM (2) 
found that the extreme bitter taste of the fruits of the wild Hanzil Medicinal cucumber 
of India depends on one dominant gene. PATHAK and SINGH (10) found the same mode 
of inheritance of the bitter principle in the fruits of Lagenaria leucantha; GREBENSÈIKOV 
(6, 7) in the fruits of Cucurbita pepo; ARASIMOvIC (cited in 6) in the fruits of Citrullus 
vulgaris. 

It would be interesting to determine the mode of inheritance of varieties with bitter 
plants and non-bitter fruits (e.g. Reusrath’s Bitterfreie) by crossing them with entirely 
non-bitter plants. REHM and WesseLs (12) presume that in varieties with only non- 
bitter fruits bitterness in the fruits is controlled by another genetic mechanism which 
suppresses the occurrence of cucurbitacins in the fruits of the non-bitter forms in the 
presence of the gene responsable for the formation of bitter principle. Only those 
varieties which have non-bitter seedlings lack the gene for bitterness. 

We cannot yet explain the fairly large differences in the bitter principle content of 
the seedlings of some origins of C. sativus investigated by us. 

In our trials neither the taste nor the chemical reaction of the young seedlings always 
guaranteed the absence of bitter principle in older plants. Very likely some seedlings 
were erroneously considered as non-bitter, because their bitter principle content was 
not high enough to fall within the sensitivity range of both the chemical and organo- 
leptic method. 

Therefore checking the bitter principle content of the selected seedling at a later 
developmental stage is necessary. If in breeding the number of plants used is not too 
large, then tasting the cotyledons of the seedlings is the simplest and most rapid 
method, provided one or more capable tasters are at hand. If thousands of plants have 
to be tested the chemical method will generally be prefsrable. 
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SAMENVATTING 


Het kweken op bitterstofvrijheid van komkommers 


Een groot aantal zaailingen van verschillende komkommerrassen werd getoetst op 
bittervrijheid. In het Amerikaanse ras Improved Long Green werd één plant aange- 
troffen, die geen bitterstof bevatte. Deze vorm van bitterstofvrijheid is zeer waardevol 
voor veredelingswerk omdat het hierdoor mogelijk is reeds op bitterstofvrijheid te 
selecteren in het zaailingstadium. Bitterstofvrije rassen, zoals die bij andere Cucurbita- 
ceae wel voorkomen, werden niet in het onderzochte sortiment aangetroffen. 

Bitterheid van komkommer- en meloenplanten lijkt bepaald te worden door één 
dominante factor. De toetsing op bitterstofvrijheid kan organoleptisch eenvoudig 
worden uitgevoerd, mits vooraf de proevers op hun smaakvermogen zijn getoetst. 

De bitterstofvrijheid van jonge plantjes kan ook chemisch worden aangetoond. 
Hiertoe werd een eenvoudige methode uitgewerkt. 


EN 
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ABSTRACT 


The selection of varieties which have longer fibreless tops than the existing varieties 
is thought to be of importance for canning. A rapid and simple method of determining 
the fibre content, based on the breaking of the spear, has been developed. If the spear 
is broken in a certain manner, the borderline between the fibrous and fibreless region 
coincides with the fracture. It appears that the length of the fibreless top is correlated 
with the total length of the spear. Based on the above data an apparatus has been 
designed for rapidly analysing a large number of spears in the field. To this end the 
spears may have to be grown green instead of white during one season. Possible faults 
of the method and the practical value of varieties with longer fibreless tops are dis- 
cussed. 


INTRODUCTION 


The cultivation of asparagus with a low fibre content is attractive from the viewpoint 
of reducing losses from processing (HUYsKES, 9). A handicap is the absence of a rapid 
method to determine the fibre content. In the following sections a usable method is 
described. 


METHODS FOR DETERMINING THE FIBRE CONTENT 


On behalf of the canning industry various methods for determining the fibre content 
have been developed in the course of years. In addition to the “tenderometer” (JEN- 
KINS and Lee, 11) and the ““shear-press’”’ (WiLEY, 14), used to measure the resistance of 
asparagus spears to pricking and cutting, there are also a number of direct methods. 
With the aid of these, the fibre is isolated from the spear and the amount determined 
by weighing (SMITH and KRAMER, 13). Selecting asparagus with the above methods 
will probably lead to the production of plants that are low in fibre, to be sure, but 
which are also too limp and readily blown over by wind. Such a plant was found in 
Brunswick by HUCHEL (8). 

To obviate these difficulties a different principle has been followed in selection. 
According to American data, the top of a spear of 20 cm is normally fibreless over a 
length of rather more than 10 cm (Anonymus, |, CULPEPPER and Moon, 5). In some 
cases the fibreless region is even longer (SCHERMERHORN, 12), while the length can vary 
considerably (SMITH and KRAMER, 13). If a spear is bent over in a certain manner it 
will eventually break at a point where, measuring from above, the fibre begins to be 
tough. (BARRONS, 2; CAROLUS, 3 and SCHERMERHORN, 12). So it appears to be possible 
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to determine the length of the fibreless top, simply by breaking the spear. It is on this 
possibility that the selection method described hereafter has been based. 


SELECTION FOR A LONG FIBRELESS TOP 


When working out the selection method a complication was encountered. In the 
course of a study trip to England (COUWENBERG, 4), made under the direction of the 
present author, some English growers remarked that the length of the fibreless top 
would increase with an increase in spear length. These remarks were checked in the 
Netherlands and found to hold good (see below). Consequently, in selection it is not 
sufficient to measure the top only, but the length of the whole spear should be deter- 
mined. This is hardly feasible in white asparagus, which is cut below the ground, so the 
practice of ridging was replaced by level culture in which green spears are formed of 
which the tops are broken off, measured and compared with the total length of the 
spears. If the length of the top is great in relation to that of the spear, the spear was 
marked. From an examination of the spears which are formed successively, an im- 
pression of the plant is gained with respect to the length of the fibreless top. 


SELECTION APPARATUS AND WORKING METHOD 


In order to be able to work rapidly, a simple apparatus has been designed (Fig. 1). 
It consists of a trapeziform board, of which two adjacent angles are right. The breadth 
is 30 em, the height 20 and 50 cm respectively. On the board a selection line has been 
drawn, which will be described in more detail later in this paper. Behind the board is a 
container for transporting the snapped tops and a handle for carrying. To analyse a 
spear the apparatus is placed in such a manner that the spear top coincides with the 
oblique upper side (Fig. 1). The spear length is variable, as it is hardly feasible to 
analyse always at the same spear length, because of the very rapid growth of the young 
green spears (CULPEPPER and Moon, 5). Then the spear top is bent over until the spear 
breaks at the junction of the fibrous and fibreless region (Fig. 2). Breaking is best done 
in the morning, when the spears are turgescent. If the breaking point lies below or 
above the selection line on the board, then the fibreless top is respectively long or short 
(Fig. 3). In the former case, the remaining stump is marked by cutting it ât an angle 
(Fig. 4); in the latter case the stump remains as it is (Fig. 3). As a rule these stumps 
do not sprout further, but eventually shrivel up. By applying the above method through- 
out the harvesting period, a reliable impression can be obtained not only of the fibre 
content but also of the yields from the various plants. To this end the stumps of each 
plant are counted directly after the harvest and graded as thick, thin and normal. 
When harvested in the conventional way, the plant would have yielded the same 
number of respectively thick, thin and normal spears. 

In the autumn the foliage and spear development of the choice plants can be deter- 
mined, including their degree of firmness. The following spring data on earliness and 
quality can be collected (cf. HUYsKES and SNEEP, 10). 

Mention has already been made of the selection line on the apparatus. In order to 
determine its exact position calibration is necessary. This is done as follows. Behind 
the breaking point a dot is put on the selection apparatus with a lead-pencil (Fig. 3). 
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This point records both the total spear length (— the length of the vertical line drawn 
through this point and borded by respectively the horizontal and the oblique contour- 
line of the selection apparatus) and the length of the fibreless top (— the length of the 
same line above the point in question). By determining in this manner a large number 
of spears, say 200, in a certain field a number of points is obtained from which a visual 
impression of the relation between spear-length and top-length can be gained. After 
measuring and working out the collected figures a regression line is calculated. From 
its position the selection line can be determined arbitrarily. We shall come back to this 
later. 


EXPERIMENTAL DATA 


In the first place it had to be checked whether Dutch asparagus reacts to breaking in 
the same way as American asparagus. This was actually found to be the case. Of do- 
zens of spears the regions above and below the break were cooked separately for an 
organoleptic determination of fibre, and of hundreds of spears the fibreless tops were 
consumed. In nearly all cases the region above the break was always free from fibre 
while that below the break was fibrous. Just as in the USA, the above ground portion 
(20 em) of the spear was free from fibre over a length of over 10 cm. 

After this had been determined the first tentative determinations were made in 1957. 
At that time the above selection apparatus had not yet been designed. The following 
procedure has been adopted. A four-year-old trial field was examined after which the 
plants were lifted, so that it could not be analysed further in subsequent years. A 
curious circumstance was that the rootstocks lay only a few cm below the surface of the 
soll. 

148 green spears of highly varying length (20-100 cm) were cut off at about the level 
of the soil and analysed in the laboratory. After measuring the total length the break- 
ing test was applied for the determination of the fibreless top. From the figures ob- 
tained the following regression formula has been calculated 


y= 1.8 + 0.147 x 


in which x represents the total length in cm and y the length of the fibreless top in 
cm.) Cf. Figure 5, dotted line. 

In the 1958 season work continued but now using the selection apparatus designed 
with the aid of the above data. The investigated asparagus plants were usually four 
years old. The planting depth was normal, the distance between the ground level and 
the upper side of the rootstocks averaged 18 cm. From all of the observations of 1958 
the following regression formula was calculated: 


05 HO LOA K 


In Figure 5 this formula is shown by a broken line. Comparison with the formula 
for 1957 shows that the slopes of the lines are very much the same, but it should be 
noted that at the same spear length in 1958 the fibreless top is over 2 cm longer. This 
will be explained in the discussion. 

1) The author wishes to express his gratitude to Mr. J. H. A. FERGUSON of the Institute of Horticul- 
tural Plant Breeding at Wageningen for his mathematical advice and calculations. 
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In the same year (1958) the apparatus was calibrated in the same field on three 
different dates (see Table 1). 


TABLE Ì. CALIBRATION OF THE SELECTION APPARATUS 


D Number of Average total Average length of 
ee, spears examined length in cm of fibreless top in cm 
30Mäy nat aars HER | 253 34.9 15.4 
IM une ns ne A 204 352 15.4 
1 une vn 168 35.0 16.1 


The difference between the last two figures in the last column is significant (see 
discussion). 

In 1958 selection with the apparatus was carried out on limited material of a few 
hundred plants. From the data collected the selection line was drawn in such a way 
that the length of the fibreless top was always more than 30 % of the average, represen- 
ted by the regression line. The continuous line in Fig. 5 is the selection line and the 
broken line the regression line. The breaking points of about 10 % of the examined 
spears were found to lie below the selection line on the apparatus, which is favourable 
(Fig. 3). The analyses were carried out from the beginning of harvest until the longest 
day, the end of the harvesting period. After that period the plants which had only 
marked spears were retained, in other words those of which all spears had fibreless 
tops with a length of 30 % or more above the average. These choice plants appeared to 


Length 
fibreless 
top in cm 


Selection 
line 1958 


Regression 
ae ST” line 1958 


Regression 
line 1957 


Total 

length 

20 30 40 50 of spear 
in cm 


FIG. 5. REGRESSION AND SELECTION LINE OF THE LENGTH OF THE FIBRELESS TOP ON THE TOTAL ABOVE 
GROUND SPEAR LENGTH. THE DIFFERENCE BETWEEN THE REGRESSION LINES FOR 1957 AND 1958 
IS PROBABLY DUE TO RESPECTIVELY SHALLOW AND DEEP PLANTING. THE SELECTION LINE FOR 
1958 HAS BEEN DRAWN IN SUCH A MANNER THAT THE SELECTED FIBRELESS TOPS ARE AT LEAST 
30 % LONGER THAN THE AVERAGE. THE LINE ON THE APPARATUS (FIG. 3) CORRESPONDS TO THIS. 
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Fig. 1 Fig. 2 


Fig. |. THE SELECTION APPARATUS IS PLACED BEHIND THE SPEAR IN SUCH A WAY THAT THE SPEAR TOP 
COINCIDES WITH A POINT ON THE OBLIQUE UPPER SIDE 


FIG. 2. NEXT THE SPEAR IS BENT OVER UNTIL IT BREAKS AT THE JUNCTION OF THE FIBROUS AND FIBRELESS 
REGION. THE SNAPPED-OFF TOP IS ENTIRELY FREE FROM FIBRE 


Fie. 3. 


FIG. 4. 
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Fig. 3 Fig. 4 


THE SITUATION AFTER BREAKING OFF THE FIBRELESS TOP. THE BREAK LIES BELOW THE SO-CALLED 
SELECTION LINE (CF. FIG. 5), SO THE EXAMINED SPEAR IS FREE FROM FIBRE OVER A GREAT LENGTH. 
Á DOT PUT BEHIND THE BREAKING POINT ON THE APPARATUS RECORDS BOTH THE TOTAL LENGTH 
AND THE LENGTH OF THE FIBRELESS TOP OF THE SPEAR. 


THE SITUATION AFTER HARVEST. FROM THE STUMPS CUT OFF AT AN ANGLE IT APPEARS THAT THIS 
PLANT HAS ONLY PRODUCED SPEARS WITH LONG FIBRELESS TOPS. FOR, IF THE FIBRELESS TOP IS 
TOO SHORT, THE STUMP IS NOT CUT OFF AT AN ANGLE. THE NUMBER AND THE THICKNESS OF THE 
SPEARS, WHICH ARE USUALLY SLIGHTLY SHRIVELED, ARE DECISIVE FOR THE YIELD IN THIS SEASON 
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make up about 1 % of the total. Although the material ekamined was not extensive, 
yet diallel crosses have been made with a few plants. It is also intended to propagate 
the choice plants vegetatively (Huyskrs and SNEEP, 10), in order to determine the 
effect of selection both on the vegetative and on the generative progenies. 


Av. max. / 

min. air 

temperature 

in CG 
Length fibreless 
top in cm 
(Date of harvest) 


16,1 
(17-6) 


/ 


—6 
date of 
harvest 


FIG. 6. AIR TEMPERATURES DURING THE DAYS PRECEDING THE CALIBRATION DATES, INDICATED BY 1, 
—2, —3 ETC. THESE TEMPERATURES ARE AVERAGES OF THE MAXIMUM AND MINIMUM TEMPERATURES 
MEASURED AT A HEIGHT OF 2 M ABOVE THE GROUND IN THE NEIGHBOURHOOD OF THE TRIAL FIELD. 
NEXT TO EACH LINE THE HARVESTING DATE AND THE AVERAGE LENGTH OF THE FIBRELESS TOP 
ARE INDICATED. FOR A FURTHER EXPLANATION SEE TEXT 


DISCUSSION 


The determination of fibre by means of the breaking test is an indirect method. Now 
it might be questioned whether there is a good correlation between this method and 
the direct method. The most direct method is the cooking test, ie. the organoleptic 
determination of fibre after cooking. Our own observations as well as the American 
observations described above show that there is a very good correlation between the 
two methods. Nevertheless it is to be recommended to check selected material and its 
progenies by means of cooking and tasting tests for the presence of fibre. To this end 
both the fibreless tops and the fibrous lower parts should be examined. 
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lt might also be questioned whether this selection method can be applied to both 
green and white spears. In the case of green spears this is of course possible, but for 
white spears, as we have seen above, it is not. Therefore it has been suggested to carry 
out the selection in white asparagus by growing this “white” asparagus “green” for 
one year. Whether this is justified remains to be seen. It is clear that the growing con- 
ditions for green asparagus differ from those for white. The question is, however, 
whether this influences the interrelationships of the fibreless tops. At any rate it is 
worthy of recommendation to test preferably for a number of years, choice material of 
white asparagus progenies etc. not only in a “green” but also in a “white” production. 
Attention can then also be paid to other characters. 

Another question is how far external conditions can have an effect on the length of 
the fibreless top and consequently on the results of the selection. In this connection we 
think, for instance, of the planting depth and the temperature. The planting depth, 
which in later years is reflected in the depth of the rootstock below the soil surface, 
probably has a large effect. One of the experimental results was that at identical above 
ground spear lengths the fibreless top was over 2. cm longer at a planting depth of 
about 18 cm than at a depth of a few cm. The difference in planting depth can be 
assumed to be 15 em. According to the developed regression formulae, the 15 cm 
greater spear length in the deeply planted field corresponds with a 2.3 cm greater 
length of the fibreless top (15 x 0.156, the average of the constants by which the x in 
the regression formulae is multiplied). This closely agrees with the value of over 2 cm 
which was found experimentally. In order to ascertain whether this has consequences 
for selection, the rootstock depth of 250 plants of the material examined in 1958 has 
been determined with the aid of a soil probe. On an average this depth was over 18 cm, 
with a large variation from 10 to 28 cm. This corresponds with a difference in top 
length of nearly 3 em. It is clear that this should not be left out of account. Therefore 
it is recommended to calibrate the apparatus for each field. Furthermore after selection 
it should be checked whether the apparently long fibreless tops of the choice plants are 
perhaps due to extra deep planting! In the selection experiment described above this 
was not found to be the case. 

Another factor which may have an effect on the length of the fibreless top is the 
temperature. To ascertain whether the significant difference of 0.7 cm between the last 
two calibration dates in table 1 is due to temperature, the temperatures of the previous 
dates have been represented graphically in Fig. 6. It would appear that a higher tempe- 
rature on the day preceding the date of harvesting results in a longer fibreless top. 
From data of CULPEPPER and Moon (5) it can be concluded that the total daily growth 
amounts to about 1.8 cm at 13°C against 3 cm at 17.5°C. So there is an important 
difference in growth, viz. 1.2 cm. How fast the breaking point moves upward at the 
various temperatures is not known. Further detailed research is necessary to find out 
whether the difference in temperature is the actual cause of the difference in top length. 
The deviation of 0.7 cm found between the two calibration dates is not so very impor- 
tant from a practical viewpoint. Such a small shift of the regression and selection line 
only means that a few percent of the examined spears are erroneously placed or not in 
the group with long fibreless tops. 

Not only the planting depth and temperature but also other factors are likely to have 
an effect on the formation of fibre in the asparagus spear. Such effects can be studied 
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by means of the breaking method described above, which can be used in research on 
growing practices as well as in physiological research. 

The application of the above selection method may also have consequences for the 
plant as a whole. As already pointed out, selection for low fibre should not reduce the 
firmness of the spears. The writer presumes that in this connection selection for a 
longer fibreless top is less dangerous than selection for a lower total fibre content by 
means of the more direct methods discussed earlier in this paper. In the latter instance 
the full-grown green stalks will very likely have a smaller amount of fibre and conse- 
quently may fall over. Selection for a longer fibreless top does not necessarily result in 
a lower fibre content of the full-grown stalk. Plants should be selected that have a 
slower upward movement of the lignification process in the growing spear, but this 
lignification should not eventually become less intensive. This means that in no respect 
better performances are expected from the plant, while the profit of the culture is 
increased. However, attention should be paid to the degree of firmness of choice 
plants and their progenies, but this applies to asparagus breeding in general. In the 
comparatively small selection experiment described above the choice plants were found 
to be sufficiently firm during the summer and autumn following selection. 

Another point of importance is the scale on which the selection method is applied. 
With a highly variable crop like the obligate cross-pollinator asparagus, the variability 
of the plants is very large. No doubt it is worth while to examine tens of thousands of 
plants and to subject to a progeny test the promising specimens with long fibreless tops 
(cf. HUYSKES and SNEEP, 10). 

Finally we should like to make a few remarks on the practical value of a variety 
with a long fibreless top. Needless to say that such a variety is useful in cases where 
only the fibreless top is harvested by breaking off, so-called ““field snapping”’ (BARRONS, 
2; CAROLUS, 3 and SCHERMERHORN, 12). In Michigan for instance field snapping more 
and more supersedes the practice of cutting (DOwNes, 7). In developing the selection 
method the guiding principle has been to satisfy canning requirements, rather than 
growers’ requirements. For processing, a longer fibreless top is clearly advantageous 
if, as is done in the USA, this top is cut off or broken off in the factory and if the 
fibrous lower parts are thrown away. So far the situation in the Netherlands has been 
different. Here the entire length of the spear is used and the fibre is removed by peeling 
off by hand. The American manner of breaking would cause too great a loss, because 
asparagus is more expensive here. For details cf. Huyskes (9). A longer fibreless top 
makes cutting instead of peeling attractive. As cutting can be mechanised but peeling 
so far cannot, the use of the former method would eliminate a great bottle-neck in the 
processing of asparagus. As this would be advantageous both to canners and growers, 
the selection method described above is also important for the Netherlands and 
possibly for other countries. 


SAMENVATTING 


Een methode voor het selecteren van aspergerassen met een lange vezelvrije top 


Het selecteren van rassen met een langere vezelvrije top dan de bestaande wordt van 
belang geacht voor de industriële verwerking van asperges. Een snelle en eenvoudige 
methode, gebaseerd op het doorbreken van de stengel is uitgewerkt. De grens tussen 
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vezelhoudend en vezelvrij valt bij een bepaalde wijze van breken namelijk samen met 
het breukvlak. De lengte van de vezelvrije top blijkt op eenvoudige wijze samen te 
hangen met de totale lengte van de stengel. Gebaseerd op het bovenstaande is een toe- 
stel ontworpen, waarmede te velde in korte tijd een groot aantal stengels kan worden 
geanalyseerd. De asperges moeten hiertoe eventueel gedurende één seizoen groen 
i.p.v. wit worden geteeld. Mogelijke fouten van de methode en de eventuele praktische 
waarde van rassen met een langere vezelvrije top worden besproken. 
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ÄBSTRACT 


Since the discovery of the use of colchicine in plant breeding, breeders have created 
tetraploid sugar and fodder beet. The results obtained were not very encouraging and 
therefore they soon proceeded to develop varieties containing triploids. 

At the Foundation for Agricultural Plant Breeding, Wageningen, polyploidy breed- 
ing was started in 1950. The initial material comprised two sugar beet varieties and 
five fodder beet varieties. By cytological examination of the aberrant individuals in the 
first and the second year after colchicine treatment, seed was obtained which produced 
a high percentage of tetraploids. In total 793 C, families were tested on trial fields and 
from these 32 % appeared to be better than the original diploid material. 

The breeders interested in the material were provided with seed and stecklings of all 
the families in the C;, C‚ or C3 stage. With the distribution of this material the building 
up of tetraploid families at the Foundation for Agricultural Plant Breeding has been 
closed. 


INTRODUCTION 


In 1938 it was discovered that colchicine influences cell division in such a way that 
no new cell-wall is produced, thus resulting in a cell with a double number of chromo- 
somes. Beet research workers have soon utilized colchicine in the creation of tetraploid 
beets. 

In the U.S.A. and Canada the first results were recorded in 1940 by ABEGG (1) and 
Pero & Boyes (8). In a one-year trial AMSTRONG (3) was not optimistic about the 
yielding capacity, but ABEGG (2) stated in 1946 that some tetraploid families made a 
favourable impression. Pero and Hir (9) also obtained good results with their tetra- 
ploid sugar beets, although good types were few and far between. In 1952 similar 
results were published by STEwWART and GASKILL (13). This is the reason why poly- 
ploidy breeding in these countries has not been adopted on a large scale. 

In Western Europe similar results were obtained by ScHLÖSSER (12), FRANDSEN (5) 
and ERNOULD (4). The only advantages mentioned were a better leaf-development, a 
lesser tendency to bolting, a better shape of fodder-sugar beet and fodder beet and a 
lesser tendency to produce fanged beets. 

Thus, tetraploid beet have not yielded the results which had been expected. May be 
the initial material was not comprehensive enough, and limited the possibilities of 
obtaining better types. In addition it soon appeared that triploids offered better pros- 
pects and the tetraploid families were used only for crossing, in order to produce 
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triploids. However, the successes achieved with tetraploids in Japan have induced 
research workers in the U.S.A. and Canada to pay more attention to this work. 

The Foundation for Agricultural Plant Breeding, Wageningen, started with poly- 
ploidy breeding in 1950. The aim was to create tetraploids from a number of diploid 
commercial varieties and to use the new material for intererossing and the production 
of triploids. It was assumed that by using varieties of a quite different type heterosis 
would occur and that this would open new opportunities for the breeding work in 
general. Prospective crosses would be most effective when a start was made with 
valuable tetraploid material. 

In recent years this procedure has been carried out with all the tetraploid families 
obtained in 1951, 1952 and 1953. Beet breeders have received seed and stecklings of 
these families in order to broaden their selection basis. 

In this publication a report will be given of the way in which the tetraploid material 
can be compared with the initial diploid material. 


THE COURSE OF THE INVESTIGATION 
C‚ generation 


The Foundation for Agricultural Plant Breeding has no beet varieties of its own. 
Therefore commercial seed of 7 diploid varieties was treated with colchicine in 1950, 
1951 and 1953 (KLOEN and SPECKMANN, 6). In total 32,500 clusters were used and 
after the treatment 3,146 aberrant individuals were planted in the field. After cytologi- 
cal examination it was possible to store 780 “tetraploids” in a pit. In the second year 
they were all planted and again examined cytologically before flowering. The non- 
tetraploids were rejected. 

The following table gives the number of C‚ beets of which seed was harvested. 


TABLE 1. NUMBER OF C‚ BEETS OF WHICH SEED WAS HARVESTED 


Commercial Tetraploid Number of seed 


Group varieties varieties bearing C, beets 

SULATID CEE Kuhn P SX 75 
Kleinwanzleben E SY 82 

Fodder beet of very high dry matter | Friso VA 102 
COMETA er NE EO Fodder sugar beet CB VB 1832 
Fodder beet of high dry matter content | Alpha VC 112 
Fodder beet of low dry matter content | Barres Stryng X VD 111 
Peragis VE 107 


The percentage of beets producing seed was small. On account of the work involved 
in the cytological examination it was aimed to harvest seed of some 100 tetraploid 
individuals per variety and this was successfully carried out. It should be ascertained 
whether this guaranteed sufficient possibilities for the breeding of tetraploids. 


C, generation 


The C, seed was sown in a glasshouse in the autumn; the tetraploids were selected 
after cytological examination in the four-leaf stage or on root-tips (fig. 1). An attempt 
was made to get at least 3 C, beet plants from every C, mother beet, but this was not 
always possible. In the material treated with colchicine in 1950, seed was harvested in 
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1951 also from stems which had not been examined cytologically. The result was that 
the percentage tetraploids in the C‚ was about 60 %. Among these there were mother 
beet plants which did not yield a single tetraploid on 10 and more offspring. 

The next year, when only seed was harvested from cytologically checked stems, this 
occurred to a far lesser degree; now the percentage of tetraploids amounted to + 85 %. 
An accurate examination of the C, generation has the advantage that in the C, a far 
smaller number of beet may be examined to select an equal number of tetraploids. 

According to the procedure described above it is possible to restrict the cytological 
examination of the C‚ to a minimum. By vernalisation in the course of the winter the 
vegetative period of the plant was reduced to ten months so that already in the course 
of the following summer seed could be harvested. 


C» generation 


The C, seed was sown in a trial in order to obtain an impression of the characters 
displayed. The C, offspring of the same mother beets (C‚) were laid out in adjoining 
plots in order to facilitate comparison. In order to prevent degeneration by inbreeding 
as much as possible, the polycross method was used. 

In assessing the value, special attention was paid to root weight, dry matter content 
(of all varieties) and the sugar content of the sugar beet varieties. On the basis of the 
results obtained the best families were separated from those which were less promising. 
The next year they were also propagated by separate isolation. This was possible 
because a reserve field had been laid out with all the families (fig. 2). One row was 
taken from each family, which was sufficient for a good comparison of leaf type. 
From the best families 10 roots were chosen (by sight) for seed production, while of 
the other families 3 roots were destined for seed production (fig. 3) with a view to 
maintenance. : 

In polyploidy breeding tetraploid forms are obtained which are physiologically 
different from the diploids in every respect. It has appeared that in the course of the 
first few generations after colchicine treatment a stabilization of the material takes 
place. During this process it becomes cytologically and physiologically adapted to the 
environment. This causes less valuable types to be eliminated which means that 
families that at first do not look very promising, later can make a better impression 
(RASMUSSON, 11). Therefore it is recommended not to select too strictly for yield in the 
first few generations so that the less promising types are given an opportunity to adapt 
themselves. 


C3 generation 


Seed of the best families was sown on a trial field in order to compare them with the 
initial material and to ascertain the effects of selection. 

The C3 seed harvested from the remaining families was sown on the trial field as a 
mixture in order to gain an impression of the production capacity. 

The building up of the tetraploid varieties is now completed. A number of good 
families has been chosen to ascertain the behaviour and purity of the tetraploids in 
later generations and to study the possibilities of using them for several purposes. In 
publications to follow the results of intercrossing the tetraploids will be given and also 
the production of triploids. 
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RESULTS OBTAINED 


In 1953 and following years families of the sugar beet varieties were tested on the 
trial field (figs 4a and 4b). The fodder beet varieties were tested in the years 1954, 1955, 
1956 and 1957. The results obtained have been included in tables 2 and 3. 


TABLE 2. COMPARISON OF TETRAPLOID AND DIPLOID FAMILIES 


; Number of Number of families better 
Year Manie, tetraploid families than the diploid varieties 
1953 SandiS vr Mr LEE 44 18 
1954 SXandSY;VA, VB, VC and VD 269 52 
1955 SXandSY;VA, VB, VC and VE 131 SI 
1956 SXandSY;VA,VB, VC and VD 241 116 
1957 SX and SY; VA, VB, and VE . 108 2 


TABLE 3. COMPARISON OF TETRAPLOID FAMILIES AND THE DIPLOID VARIETIES FROM WHICH THEY WERE 


DERIVED 
f se Number of families better than 
Variety Number of families the diploid varieties 
SX 127 31 
SY 116 46 
VA 117 67 
VB 156 37 
VG 93 39 
VD 90 Di 
VE 94 3 
Total 793 250 (+ 32%) 


From the tables 1, 2 and 3 it follows that the number of C‚ families from which seed 
was harvested is smaller than the number which was sown on the trial field. This is 
due to the fact that of several families more components were sown out on the field. 
When sufficient seed of separate C, plants was obtained it was sown on the trial field. 
In table 2 the total number of families has been included. 

Table 3 includes the number of families derived from C‚ beets and shows that a 
reasonable percentage (32 %) has given favourable results. The families have been 
compared with commercial varieties of which the seed was harvested in the previous 
year. In this connection it should be mentioned that breeders are continuously trying 
to improve their varieties and in general they will now be better than they were in 
1950, 1951 and 1952, when the seed was treated with colchicine. 

The variety VE is, relatively taken, the worst of all because of the occurrence of 
a high percentage of bolters. This is partly due to the fact that in 1953 the harvested 
seed had to be stored in a moist place. In later years the number of bolters was much 
lower. 

Further it should be borne in mind that since 1950 much work has been done to 
improve the variety Peragis (personal communication). It could therefore be expected 
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that a comparison with tetraploid material from commercial seed of some years ago 
would make a less favourable impression for this variety. 

As was already mentioned, seed of the best tetraploid families derived from one 
year was sown (in the case of sugar beet varieties of two years). The following table 
gives the dry matter and sugar content as well as the dry matter and sugar yield, in 
order to give an impression of the variation in these characteristics. The seed was sown 
in six replications of 8 m? (60 plants) in 1956. 


TABLE 4. THE SUGAR CONTENT AND SUGAR YIELD OF THE TETRAPLOID FAMILIES 


No. Sugar Sugar yield No. Sugar Sugar yield 
SX content kg/plot SY content kg/plot 
Bijl an 16.63 8.69 Le eh WEE 15.49 8.13 
OS 17.98 1655 OENE EL 15.60 | 8.07 
LOOS 17.03 1.36 ADO ren ee: 16.33 7.91 
LOO2 TE 17555 7.30 TOS on Fale Herr heat: 15.82 7.86 
1023: oe 17.13 1825 LOOT Ee et ade 16.12 | 7.79 
118 16.62 7.18 AOR me rn a. 16.20 SL 
OS mene: 17.63 7.14 103 erge ae 15.40 | 0077 
dor 17:23 7.08 1OAORr sede MANEN | 14.75 | 7.15 
IODS 16.75 7.03 TOAD os RA 15.82 1875 
WOL6 17.43 6.99 TOS 15.85 7.70 
E27, Ab. 17.14 6.93 LEVEND LEED 16.08 765 
RLO20 0: 17225 6.81 TOI RR 16.10 7.64 
CLGOENER SI 4 AAE 16.17 TE 
O2 MERE 0 ENE: 16.00 TES 
ALGREEN 16.15 7.49 
AST Een VEEN 14.35 6.95 
KuhnP. 167220 Jed Kleinwanzleben BE. . | 16.60 | 7.14 


The sugar content of SX compared with Kuhn P is more prominent than that of SY 
compared with Kleinwanzleben E. There is a considerable variation in content and 
weight, and this offers good prospects for selection. (Table 4.) 


The dry matter content of VA approaches that of Friso more closely than that of 
VB when compared with fodder sugar beet CB which is somewhat better. This is also 
apparent when the varieties VA and VB are compared with one another. (Table 5.) 


The dry matter content of VC and VD does not differ much from the original varieties 
but in this case there are valuable families as concerns dry matter weight. The variety 
VE cannot yet be included in this survey. (Table 6.) 


From the tables (7 and 8) it is clear that the families make a favourable impression. 
Only the order of dry matter yield has undergone some change. 

A seed mixture was also composed of the best families SX and SY. The results are 
given in table 8. 


33 


D. KLOEN AND G.J. SPECKMANN 


TABLE 5. FODDER BEET OF HIGH DRY MATTER CONTENT 


No. Dry matter Dry matter No. Dry matter Dry matter 

VA content yield kg/plot VB content yield kg/plot 
1068 .. 21833 9.96 TIGS wa torsen \ 19.11 10.88 
OAT: 21.64 9.61 PP 19.16 10.42 
1049 .. 21.68 9,46 UE NE Pr 19.88 10.25 
1046 .. 22.18 9,33 1A40 B tnt 18.85 10.07 
1098 .. 21.87 9.31 EI TA RER 19.72 9,94 
(OS Dilsshu 9.22 LUZON ee 5 19.52 9.91 
LOS 21.50 9.20 ISG nh BME 19.81 9.84 
LOGS 21.64 9.12 TLS leren a: 19.44 9.76 
1099 2120 9,01 ULSS A epe AAN REe 19.39 9.71 
1080 .. 21.43 8.99 IISZ Vens ek er 19.07 9.52 
1060 .. 21.34 8.96 VDE the ME or 19.43 9.20 
1069 .. 20.81 — 8.85 
NOAD > 21.58 8.83 
EGsome 2d 9.46 Fodder sugar beet CB 19.98 9.76 


TABLE 6. FODDER BEET OF MFDIUM AND LOW DRY MATTER CONTENT 


No. Dry matter Dry matter No. Dry matter | Dry matter 
VC content yield kg/plot VD content yield kg/plot 
PEEL oe 16.35 10.53 1280 Ard okee ee il 9,48 
1234000 16.42 10.23 1263 Ee Ak: 1, 9.41 
1250 16.13 9.97 1264 EE en AN 12226 Om 
AO Gn 16.82 9.96 Eene EEE 11.87 9:31 
VOND 16.39 9.80 12 TTE A. 12.03 9.07 
1227 0e 16.53 9.72 VONDA AS SNE ee 128511 9.06 
1 AN 16.64 9.54 1273 EE: 11.90 9,06 
1214 16.42 9.48 (OAT Ar oen A 11.93 9.05 
\P 15.92 9.35 1240 San eene 11.84 9.03 
UE 16.23 9.26 1280 enn Eer LS 8.92 
122 16.47 9.24 OEVER send at 12.11 8.91 
IO 16.22 OS 1243 GE 11.78 8.81 
12695 GEN, REEN 12.18 8.79 
LN AN ik Aa 12.14 8.55 
(OENE 12.28 8.06 
VAT ren eN WED 12.28 8.06 
Alpha. . 16.36 9.56 Barres Stryng X. . . 12.08 8.85 


TABLE 7. RESULTS OF SELECTION IN TWO CONSECUTIVE GENERATIONS 


Selection in the C, stage 


Examination in the C; stage 
Variety Number of best | Better than or equal to Better than or equal to 
families original variety original variety 
SX 14 7 7 
SS 16 14 15 
VA 13 1 3 
VB 14 4 8 
VC 12 6 6 
VD 15 10 11 
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TABLE 8. RESULT OF SEED MIXTURES OF BEST FAMILIES 


| Sugar content | Sugar yield kg/plot 
SX 17.07 7,13 
SA 15.83 1556 


On comparison with the original material (table 4) SX has a good sugar content; 
SY has a good sugar yield, but the sugar content is not satisfactory. 

As was already mentioned, seed was also harvested from the other families of which 
two yearly harvests flowered simultaneously. In 1956 seed was collected of the families 
isolated in 1954 and 1955 and this was sown in a trial as a mixture in 1957 (table 9). 


TABLE 9. COMPARISON OF THE BEST FODDER BEET FAMILIES WITH THE OTHER FAMILIES 


Dry matter content Dry matter yield kg/plot 
Best families Other families Best families Other families 

VA 
1955 20.2 20.0 10.94 10.75 
1956 19.2 20.4 11.14 11.06 
VB | 
1955 19.1 19.4 11.24 10.30 
1956 19.0 19.8 10.82 10.20 
VC 
1955 1555 SD 11.38 | 11.07 
1956 15.6 1555 ANNES 11.08 


It is apparent that there is only little difference in the contents compared. In connec- 
tion with the dry matter content it should be stated that a seed mixture does not pre- 
sent an equally reliable picture as the average of the families. For technical reasons it 
was not possible to carry this out in the most reliable way. In the variety VC the gain in 
yield by the selection was not great and this also holds for the variety VA. From this 
the conclusion may be drawn that the other families have given a better impression in 
the following generation on account of the stabilization mentioned above. The variety 
VB showed a clear difference and in this variety the best families produced better 
figures than those of the other two families when compared with the diploid fodder 
sugar beet CB. 

The results from the tetraploid families of 2 sugar beet and 5 fodder beet families 
show that in the C‚ stage a larger number of families were better than the diploid 
varieties from which they had been derived. It follows that breeding for tetraploidy 
offers better prospects than was assumed at first. If the observations and suggestions of 
RASMUSSON are correct the material will undoubtedly improve still further according 
to the adaptation of the material to the environment. 

From the investigations described in this paper the conclusion may be drawn, in 
addition to KNAPP’s (7) opinion, that tetraploidy-breeding in beet offers more 
possibilities than was hitherto assumed, provided that the breeding-programme is 
set up on a sufficiently broad basis at the outset. 
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SAMENVATTING 
Het opbrengstvermogen van tetraploide suiker- en voederbieten 


Sedert de ontdekking van de toepassingsmogelijkheden van colchicine in de planten- 
veredeling zijn de kwekers begonnen met het tetraploid maken van suiker- en voeder- 
bieten. De verkregen resultaten waren niet erg hoopvol en reeds spoedig is men daar- 
om overgegaan tot het creëren van rassen, waarin triploiden voorkomen. 

De S.V.P. is in 1950 begonnen met de polyploidieveredeling van 2 suikerbieten en 
5 voederbietenrassen. Door de afwijkende bieten in hun eerste en tweede levensjaar 
nauwkeurig cytologisch te onderzoeken werd zaad verkregen, waarin een hoog percen- 
tage tetraploiden voorkwam. In een éénjarige zaadteelt werd van de C, bietenzaad 
geoogst, dat op het proefveld werd uitgezaaid. 

In totaal werden 798 families in het C‚ stadium onderzocht en hiervan bleek 32 %5 
beter te zijn dan de diploide uitgangsrassen. Van een jaargang werd van de beste 
families zaad op het proefveld uitgezaaid, het percentage van het aantal families, dat 
beter was dan het uitgangsmateriaal bleek iets groter. 

Van de overige families werd ook zaad geoogst; zij kwamen in het stadium C3 iets 
slechter naar voren dan de beste families. 

Aan de daarvoor in aanmerking komende kwekers zijn van alle families in het C‚-, 
C‚- of C3-stadium zaad en stekbieten afgestaan, waarmede de opbouw van de tetra- 
ploide rassen door de S.V.P. is afgesloten. 
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ABSTRACT 


In this article two models are discussed to explain those necrosis symptoms in 
wheat which cannot or insufficiently be interpreted with the aid of three genotype 
classes mentioned in the literature. 

Each of the models is supported by a ‘necrosis spectrum’, through which the geno- 
type of progressive necrosis of an unknown wheat variety can be determined. 

One model is based on 4 genes of progressive necrosis and on the hypothesis that 
of these genes both the combinations AB and BCD produce this type of necrosis. 

The other model is based on the hypothesis that all symptoms of progressive necrosis 
in wheat are due to three complementary genes, also in the crosses in which a 9:7 
segregation in the F, (or 1:1 in the B,) was found. In the latter case both parents 
have one dominant factor of progressive necrosis in common. The possibility is con- 
sidered that each of the necrosis genes is localized in a different genome of Triticum 
aestivum. 

The necrosis types mentioned in the literature are reduced to two main types, viz. 
“progressive necrosis”, whereby the necrosis starts at the leaf tips of the oldest leaf 
and gradually reaches the later tissue; and ““firing”’, whereby the uppermost leaves are 
the first to wither as a whole and later the oldest leaves. 

In the discussion the possible genetical relation between the two main types are 
mentioned and finally the second model is assumed as the most likely and at any rate 
the more workable scheme. 


1. INTRODUCTION 


In a previous publication (6) it was pointed out that two complementary genes, then 
designated by A and B, were responsible for the occurrence of progressive necrosis in 
some wheat crosses. This semi-lethal phenotype is now indicated as “Koga-type” 
because we found it first in crosses with the spring wheat Koga. On the basis of two 
genes for necrosis the wheat varieties investigated could be classified into three groups, 
viz. 1 (AAbb), II (aaBB) and III (aabb). A similar classification was already known 
from publications by CALDWELL and COMPTON (2, 3), HEYNE et al (7) and SACHs (11). 

In 1957 some crosses were found which also withered in the F,, but in the F, 
probably segregated into 27 semi-lethals and 37 normals.* These figures suggest three 
complementary genes required for this necrosis type which we will call “Minister type”, 
after the winter wheat Minister. As the model of the three genotype classes mentioned 
above is based on two complementary genes, the segregation 27:37 cannot be inter- 
preted on the basis of this assumption. 

In this article two new models will be discussed which will enable us to explain in a 
simple way the necrosis symptoms found so far. 

* The probability of this segregation will be discussed in section 7. 
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2. THE SYMPTOMS 


In the Koga-type (e.g. Koga X Riebesel) and in the Minister-type (e.g. Minister x 
Riebesel) the necrosis starts at the leaf tip of the oldest leaf and gradually proceeds to 
the leaf base, whereby the colour turns from green via spotted and yellow to brown. 
However, in the Minister-type the symptoms appear later, progress less rapidly and 
are therefore less disastrous for the plants. The difference between the two types is 
therefore one of degree. 


3. CLASSIFICATION BASED ON FOUR NECROSIS GENES 


The winter wheat Riebesel and a group of other varieties produce, when crossed 
with the varieties of the Koga group, the Koga-necrosis type and in the F, a segrega- 
tion of 9 semi-lethals against 7 normal (6). Therefore two complementary genes are 
required for the expression of the Koga-type. These genes are called A and B. With 
these two genes the wheat varieties can be classified into three groups, viz. AADb, 
aaBB and aabb. 

The same variety Riebesel and a group of other varieties produce with the varieties 
of the Minister-group the Minister-type of necrosis and in the F, very probably a 
segregation of 27 semi-lethals against 37 normals. In this case three complementary 
genes are required for the expression of the Minister-type. One of these is probably 
the gene B from Riebesel. Assuming that one of the two other genes is 4 (the Koga- 
gene) and the third a new gene C, then in the F, of Minister X Riebesel not only 
the 27 A.B.C.-genotypes would be necrotic, but also the 9 A.B.cc genotypes, resulting 
ina 36:28 or 9:7 segregation. However, a segregation of 27:37 is most probable. Then 
we must assume two new genes, C and D, producing with the gene B of Riebesel the 
Minister type of necrosis. The F, Koga x Minister was normal. Thus the com- 
bination ACD does not produce semi-lethality. Of the 4 necrosis genes therefore the 
combinations AB and BCD produce semi-lethality. The conclusion is then justified 
that four genes exist of which the combinations AB and BCD produce necrosis. With 
the four genes A, B, C and Dit is possible to constitute 2* or 16 homozygous geno- 
types. Of these 16 genotypes five combinations will be necrosis types, viz. AABBCCDD, 
AABBCCdd, AABBccDD, AABBcedd and aaBBCCDD. Therefore varieties carrying 
these genotypes do not occur. The 11 remaining genotypes do not produce necrosis. 
The conclusion is that we can classify the wheat varieties into 11 groups, each with a 
different genotype (see table 1, first column). 

If indeed there are four factors for necrosis and further two sorts of gene combi- 
nations, 4B and BCD, capable of producing necrosis, the following conclusions may 
be drawn. 


Ll. Apart from 9:7 and 27:37 segregation in the F‚’s of some crosses, also the se- 
gregation ratios 45:19 and 171:85 may occur, viz. in cases when all four necrosis- 
genes play a role. 


2. A9:7 segregation may be produced in two ways, viz. by a combination of 4 and 
B, for example class VII with class VIII, and also by a combination of B+C + D, 
provided that in the F, one of these three genes is homozygous — see the crosses IV x 

x V‚IV x Vland V x VI. This will be discussed in the next section. 
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TABLE 1. NECROSIS SPECTRUM FOR THE DETERMINATION OF THE GENOTYPE OF PROGRESSIVE NECROSIS OF 
WHEAT VARIETIES. THE TEST VARIETIES BELONG TO THE CLASSES II, IV, V AND VII. 


L, 1, Erc. = NUMBERS OF THE GENOTYPE CLASSES. 

UPPER ROW: GENOTYPE OF THE GAMETES OF THE TEST VARIETIES. 

FIRST COLUMN: GENOTYPE OF THE GAMETES OF THE VARIETIES OF THE ÎÌ GENOTYPE CLASSES. 
+ = Normal F, 

45-19 = NECROTIC F,; F3 SEGREGATING INTO 45 NECR. : 19 NORM. 


Varieties to be examined Test varieties 
Decisive 

Gametal Elias AbcD aBCd aBcD aBed answer in 

genotype HI Iv Vv VII 
DCD enen I - 4519 45-19 171-85 F, 
ADE MEN? u + 97 171-85 97 F, 
BAD bn ennn Sj ve ui Si 171-85 97 9-7 F, 
OBE sens 4 Iv 171-85 + 97 + F, 
EPBD Vv 9-7 9-7 tE ie F, 
ADC me eat VI dE 9-7 9-7 27-37 F, 
EADCd Rene te ti VI zie 97 97 9-7 F, 
EROA An are fd VII 9-7 + + de Et 
ab CAP MNI IX Bie SI 27-37 ijs F, 
ADD ve X + DEE + + FE, 
AO SEEN XI ie + zi zi F, 


3. The classes III, IV, V, VI can form two “necrosis triangles”’, 


HI IV TV Vv 


viZ.: Nd and SA 
V VI 


This means that for instance varieties from the class III produce necrotic plants 
when combined with varieties from IV and from V, but that at the same time the 
combination IV Xx V produces necrosis (indicated in bold type in table 1). 
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Riebesel, Minister and Koga form no “necrosis triangle’, since only two of the 
three possible combinations exhibit necrosis. As far as I know only one example of a 
Prelude Nowinka 


necrosis triangle is mentioned in the literature, viz. Sd, by 
Yeoman II 


KOSTYUCHENKO (8). The explanation given by this author is based on the assump- 
tion of multiple alleles. On the basis of our hypothesis the triangle can be explained 
without assuming multiple alleles. 

4. The classification of any wheat variety can be made with the aid of four test 
crosses, for instance with a variety from each of the classes III, IV, V and VIII. Table 1 
presents a complete “necrosis spectrum” when as test varieties are used varieties from 
the classes III, IV, V and VIII. 

This classification of a variety in a group with the aid of test crosses is indeed possi- 
ble theoretically, but the practical application may present difficulties. For if the rela- 
tive variety belongs to one of the classes I, II, HI, VI and VII, the decisive answer is not 
evident before the F, and only if one has managed to raise a sufficient number of 
Fa-individuals which in view of the withering of the F‚’s is not always possible. For 
instance a significant distinction of the classes 1, II and III requires a determination of 
a 45:19, 171:85 or 9:7 segregation in the Fs’s. 

For a distinction between 45:19 and 171:85 segregation at least 2,676 F‚-individuals 
are required, for a 45:19 and 9:7 segregation 177 individuals and for 171:85 and 9:7, 
323 individuals. For a distinction of the classes VI and Vlla9:7 or 27:37 segregation 
in the F, is required and this demands at least 191 individuals. 

The distinction of the classes 1, Il and III and of VI and VI is therefore rather 
difficult. However, we have designed a simple model explaining the facts equally 
satisfactory and which is much.easier to handle than the first model. 


4, CLASSIFICATION BASED ON THREE NECROSIS GENES 


From the above it is apparent that a 9:7 segregation can be brought about in two 
ways. This has induced us to design a simpler model which is based on the hypothesis 
that not only the Minister-type but also the Koga-type is due to three complementary 
factors. However, the Koga-group and the Riebesel-group have one dominant 
necrosis gene in common, in contradistinction to the groups of Riebesel and Minister. 
The three complementary genes may be designed as A, B and C. 

These genes can constitute 2% — 8 homozygous genotypes, of which one produces 
necrosis, viz. AABBCC. So there remain 7 more possible groups in which the wheat 
varieties can be classified (see table 2). 

‘The conclusions from this model are: 


Ll. Only the segregations 9:7 and 27:37 occur. If in each class an equal number of 
varieties occur, the chances of finding the segregation ratios 9:7 and 27:37 are equal, 
while the number of necrotic and non-neerotic combinations stand in a relation of 6:15. 

2. The difference between the Koga-type of necrosis (F‚ AaBBCc) and the Minister 
type of necrosis (F, AaBbCc) might be due to a dosage effect: the more dominant 
alleles, the heavier the necrotic symptoms.” 


!) In a following article the quantitative effect in necrosis symptoms will be treated more closely. 
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TABLE 2. MODEL TO EXPLAIN NECROSIS IN WHEAT HYBRIDS, BASED ON THE HYPOTHESIS OF 3 COM- 
PLEMENTARY NECROSIS GENES 4, B AND C. 


IL, H, rc. = NUMBERS OF-THE GENOTYPE CLASSES. 
UPPER ROW : GENOTYPE OF THE @ GAMETES, 
FIRST COLUMN: GENOTYPE OF THE d' GAMETES OF THE VARIETIES OF THE 7 GENOTYPE CLASSES. 
+ = NORMAL F, 
97 — NECROTIC F, ; F» SEGREGATING INTO 9 NECR. : 7 NORM. 


Il H HI IV V VI VII 
ABc ADC aBC Abc aBc abC abc 
— 97 9-7 SE ie DI + 
Ï ABc AbC aBC Abc aBe abC abc 
ABc ABc ABc ABc ABc ABc ABc ABc 
9-7 st 97 — Dii 5 ze 
II ABc AbC aBC Abc aBc abC abc 
AbC AbC AbC ADC AbC AbC AbC AbC 
O7 97 + DSS En JE SE 
HI ABc ADC aBC Abc aBc abC abc 
aBC aBC aBC aBC aBC aBC aBC aBC 
SD zie 27-37 + Se sit EE 
IV ABc ADC aBC Abc aBc abC abc 
Abc Abc Abc Abe Abc Abc Abc Abc 
+ Diss ze Bis SI zie sh 
V ABc ADC aBC Abc aBe abC abc 
aBc aBc aBc aBc aBc aBc aBc aBc 
27-37 ze zie in de SI de 
VI ABc AbC aBC Abc aBc abC abc 
abC abC abC abC abC abC abC abC 
ain 5E 5 Ein zi Sl zi 
VII ABc AbC aBC Abc aBc abC abc 
abc abc abc abc abc abc abc abc 


3. In the model built up on the basis of three necrosis genes also a “necrosis triangle” 
(see point 3 under table 1) occurs, viz. with the classes 1 (ABc), II (ALC) and III (aBC) 
as angular points (indicated in bold type in table 2). Therefore the following geno- 
types may be given to the varieties mentioned and their F‚’s (cf table 2): 


Prelude (and Koga, because 


Koga X Prelude is normal) AABBece (class I) 


Nowinka AAbbCC (class II) 
Yeoman II (and Riebesel) aaBBCC (class III) 
Minister AAbbee (class IV) 


(E AABbCe necrotic 


Prelude x Nowinka (Ll X IL) ES 9 necr.:7 norm. 
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En AaBBCe necrotic 
Prelude x Yeoman 11 (Ll x III) in di del ke heel 1 
2 . A 
E AaBbCC necroti 
Nowinka Xx Yeoman II (U x II) ie DeeS Sbn ad 
2 .. 5 


EF AaBbCc neerotic 
Minister Xx Yeoman II (IV x III) he heete norm 


Minister Xx Nowinka (IV x II) En AAbbCe normal 
Minister x Prelude (IV Xx I) FE, AABbee normal 


4. The determination of the necrosis genotype of an unknown wheat variety may 
be carried out with three test crosses, viz. with a variety from each of the three classes 1, 
II and III. From table 3 it is apparent that the classification in the F, is as complete 
as possible so that all difficulties connected with the distinction of different segregation 
ratios are eliminated. Compare also point 4 under table 1. 

The second model in principle affords a genetic interpretation of all the necrosis 
symptoms found so far. 


TABLE 3. NECROSIS SPECTRUM FOR THE DETERMINATION OF THE GENOTYPE 
OF PROGRESSIVE NECROSIS OF WHEAT VARIETIES, THE TEST VA- 
RIETIES BELONG TO THE CLASSES I, IL AND III OF TABLE 2. 


— — PROGRESSIVE NECROSIS IN F, 
+ = NORMAL F, 


Varieties Ae 
real Test varieties Decisive 
answer in 
Class I II HI | 
EG EE EE TE RE 

I =e | _ = F, 
II rl ie ret EF, 
Tut — = zi Ei 
IV SI | zi — F, 
x EN Nn FE, 
VI = En ale F, 
VII - NE: Se E, 


5. SYMBOLS FOR THE NECROSIS GENES 


The symbols 4, B, C and D (HERMSEN, 6) may be confused with the following genes: 
A (awnedness), B (resistance to bunt), C (carotinoid pigment) and D (dwarfness) (1). 
Besides A, B, C and D are randomly chosen letters that do not call to mind the charac- 
teristic of the corresponding gene. 

The designations Le, and Le, given by CALDWELL and COMPTON (2, 3) and others 


(7) may cause confusion because many crosses in which Le, and Le} are involved are 
not lethal but semi-lethal. 
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The symbols Pn,, Pn, and Pn3 (of progressive necrosis) raise the objection that 
“firing” (MeMILLAN, 9) is no progressive necrosis, while there are indications tha 
progressive necrosis and firing are at least partly determined by the same genes. 

If the necrosis-genes are indicated by W (of withering) then a confusion with the 
gene W for cold resistance (1) is possible. 

Therefore the present writer proposes to use the symbol N (of necrosis). The gene 
localized in genome D by SAcHs (11) can be indicated by N,, the other two by N, 
and N, if the latter would appear to be localized in the genomes A and B respectively. 

For convenience the letters A, B, C and D have been retained in the models. 


6. DEVIATING NECROSIS TYPES 


In the literature several types of necrosis have been described which in some way 
deviate from the Koga- and Minister-type discussed in this article. 

There is in the first place the “firing’”’ phenotype (9) which is considered due to three 
complementary genes. According to the description of MCMILLAN the essential 
difference with the two types mentioned above is that the uppermost laminae begin to 
die as a whole, not from the tip backwards. The age of the leaf tissue which appears 
to be the determinative factor in the Koga- and Minister-type hardly seems to play a 
role in “firing”’. 

Also the type described by Roy (10) and which we might call the “Aegilotricum 
type” does not exhibit the same dependence on the age of the leaf tissue as is found 
in the Koga-type: in a very young stage (about the three-leaf stage) the growth stopped 
and the young leaves turned brown and died. The two surviving lower leaves continued 
to be green, became slightly tough, but these also later on turned brown and died. 
In several respects there is agreement with the firing-phenotype. 

HEYNE (unpublished) found that the variety Ponca in certain crosses gave a “firing”’ 
effect similar to that described by MCMILLAN. 

Next there is the type of the Triticum macha crosses (CHIN and CHWANG, 5; SACHS, 
11; MeKey (unpublished), which is characterized by a typical reddening of the 
leaves of the hybrids exhibiting progressive necrosis. 

Finally there is the progressive lethal necrosis in the Marquillo and other crosses 
(CALDWELL and COMPTON, 3; HEYNE et al, 7). This type corresponds with the Koga- 
and Minister-type. Only the degree of reduction is much heavier: no seed of F‚-plants 
was obtained. 

The author found that Big Club and Marquillo (necrosis gene Le,, according to 
CALDWELL and COMPTON, 3) produced necrosis with Plantahof and Mendel (necrosis 
gene B, according to HERMSEN, 6), while Mus and Eskisehir (necrosis gene A, according 
to HERMSEN, 6) gave necrosis with Michigan Amber (necrosis gene Les, according to 
CALDWELL and COMPTON, 3). These facts suggest that Le, corresponds with A and 
Le, with B. Further details on this subject will be published in due course. Very con- 
spicuous is the so-called ““constancy of lethality” of the F‚’s (CALDWELL and COMP- 
TON, 3), i.e. the variability of the F‚’s was particularly slight, in contradistinction to 
the results of other investigators (KOSTYUCHENKO, 8; SACHS, 11 ; HERMSEN, 6). 

In summing up the data available there seem to be two main types: the “progressive 
necrosis” whereby the withering starts in the oldest leaf tissue and gradually 
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proceeds to later leaf tissue (KOSTYUCHENKO, 8; CALDWELL and COMPTON, 3; HEYNE 
et al, 7; HEBERT and MIDDLETON, 5; HERMSEN, 6; SACHS, 11), and the “firing”’ type 
of necrosis whereby the youngest leaves wither as a whole, while later the older lower 
leaves are attacked (MCMILLAN, 9; Roy, 10; HEYNE, unpublished). 


7. DISCUSSION 


It is not known as yet whether progressive semi-lethal necrosis and firing must be 
ascribed to the same genes. It is possible that in firing one or more other genes play a 
role, or that there are alleles of A, B or C which may produce the firing phenotype. 
According to the data in the literature it is possible thât at least one common gene 
plays a part in both types, for MCMILLAN found firing and a 27:37 segregation in the 
F, when he crossed the variety Shepherd with Cadia, Cleveland and Federation. 
However, the variety Shepherd appeared to produce progressive lethal necrosis with 
Marquillo and Big Club, due to two complementary factors (HEyNE et al, 7). In a 
letter to the author Mr. HEYNE wrote that he suspected the Le, factor of Ponca to be 
involved in producing the “firing” phenotype in his crosses. It seems therefore that 
there is a genetical relation between progressive necrosis and firing. 


The present writer has no information from the literature about the occurrence of 
progressive necrosis dependent on three complementary genes. In the F, always a 
ratio of 9:7 was found and 1: 1 in the first backcross generation. The Minister-crosses 
mentioned in this publication probably are so far the only exception and they may 
be the counterpart of the Shepherd crosses of MCMILLAN. It seems not justified 
to assume for the hundreds of crosses with Koga, Marquillo, Triticum macha, etc. 
a genetical basis of three complementary genes on the basis of the results of a few 
other crosses, especially since with Koga, Marquillo, etc, as far as 1 know, crosses 
were never found which segregated 27:37 in the F,. The possibility remains therefore 
that only two complementary factors are involved. And in that case the first model 
(table 1) holds true. However, the segregation 45:19 and 171:85 have not yet been 
found but this might be attributed to the fact that in the classes I, II and UI of table 1 
no, or only few, varieties occur. 

It could be expected that a combination of the genes A + B +C + D in one indi- 
vidual would give an extremely necrotic F,, assuming that the first model is based on 
sound hypotheses. As all the examined F‚’s of Marquillo and Big Club on the one side 
and 22 other varieties on the other produced lethal F‚’s (CALDWELL and COMPTON, 3; 
HEYNE et al, 7), the possibility of a cumulative effect of the gene-combinations AB and 
BCD is obvious. However, this hypothesis is not supported by the results with three- 
way and other crosses. 


The segregation ratios found in the F‚’s of the crosses with the variety Minister 
were intermediate between 81 necrotic: 175 normal (4 complementary factors) and 
27 necrotic: 37 normal (3 complementary factors). The number of semi-lethal plants 
was considerably lower than 27 out of 64. However, our experience with the Koga- 
crosses (6) have learnt that in the segregating F,-populations often a number of 
phenotypically normal plants occur with the genotype of necrosis. These plants 
produce a segregating offspring. The percentage of such plants appeared to be highest 
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in the crosses with the slightest degree of necrosis (e.g. Koga x Heine’s 476). Since 
the Minister-crosses are clearly less severely necrotic than all Koga-crosses, it is to be 
expected that the percentage of these phenotypically normal, but genotypically 
necrotic plants is also higher here than in the Koga-crosses. In that case the segrega- 
tion ratios found will shift into the direction of and probably up to the ratio of 27: 37, 
after the results of the Fz-populations have been included (to be published). 

À shift of the ratios even to 9:7 seems highly improbable but is not excluded. 
However, should this be so, contrary to expectation, the statements given above 
substantially remain valid on the basis of the fact that the existence of 3 complemen- 
tary genes for necrosis was shown by MCMILLAN (cf sections 6 and 7), while also the 
results of KOSTYUCHENKO (8) suggest the existence of 3 complementary necrosis 
genes. 

Ás concerns the models we would make the remark that it seems justified to conclude 
that the second model is the most correct one, firstly because in spite of its simplicity 
it can explain all the symtoms hitherto found, and secondly because there are no 
indications that in the crosses where a 9:7 ratio occurs in the F, (1:1 in the B) the 
effect of a third homozygous (non-segregating) necrosis gene is excluded. Contrarily a 
dosage-effect found in Koga-crosses (to be published) is able to explain the difference 
in degree of necrosis between Koga-type F‚'s and Minister-type F‚’s, if both are due 
to three complementary factors (cf the introduction of the table 2 on page 37). 
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SAMENVATTING 


Klassenindeling van tarwerassen op grond van hun genotype voor verdorring 


In het artikel worden twee werkhypothesen besproken die een ongedwongen ver- 
klaring geven voor de verdorringsverschijnselen bij tarwe, welke met het in de litera- 
tuur behandelde schema van 3 genotype-klassen voor verdorring niet of onvoldoende 
te verklaren zijn. 

De ene werkhypothese is gebouwd op 4 verdorringsgenen en op de veronderstelling 
dat van deze genen zowel de combinatie AB als BCD verdorring teweeg brengen. 

De andere werkhypothese is gebouwd op de veronderstelling, dat alle verdorrings- 
verschijnselen bij tarwe op 3 complementaire genen berusten, ook ín al de kruisingen, 
waarin 9:7 in de F‚ (of 1:1 in de B,) werd gevonden. In dit laatste geval hebben beide 
ouders één dominante verdorringsfaktor gemeen. Gewezen wordt op de mogelijk- 
heid, dat elk der verdorringsgenen in een ander genoom van 7riticum aestivum is ge- 
localiseerd. 

Met een “verdorringsspectrum’”’ (tabel 1 en 3) kan het verdorringsgenotype van een 
onbekend tarweras worden gedetermineerd. 

De in de literatuur vermelde verdorringstypen worden door schrijver teruggebracht 
tot twee hoofdtypen namelijk “progressive semi-lethal necrosis”, waarbij de ver- 
dorring begint aan de bladtop van het oudste blad en geleidelijk het later ontstane 
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weefsel bereikt, en “firing” waarbij de bovenste bladeren het eerst en als geheel ver- 
dorren en pas daarna de oudste bladeren volgen. 


In de discussie komt de mogelijke genetische samenhang tussen genoemde hoofd- 


typen van verdorring ter sprake, terwijl tot slot de tweede werkhypothese wordt aan- 
geduid als waarschijnlijk het meest juist en in elk geval het makkelijkst te hanteren 
schema. 


10. 


11 
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ABSTRACT 


In 1949 at least one of the Jucunda strawberry clones selected in the Netherlands 
was found to have a strong tendency to bad fruit setting, causing malformed fruits, 
“nubbins”’, and resulting in entire or partial crop failure. This phenomenon was by no 
means new and has since been of more or less frequent occurrence. 

In the present paper a survey is given of the possible causes of a poor fruit set in 
strawberries in general; in a second article the investigations of the Jucunda variety 
will be dealt with. 

External causes of poor fruit setting are spring frost during the blooming period; 
damage caused to flowers by parasites, either insects, mites or fungi; unfavourable 
weather conditions during flowering; in growing under glass insufficient air circulation 
and insufficient pollination by bees due to keeping the frames closed too much; in- 
sufficient pollination in overcrowded beds; and unfavourable structure of the soil. 
However, these external factors can be eliminated to some extent by cultural measures. 

Therefore a more serious problem is presented by sterility or incomplete fruit 
setting, which is very complicated and determined genetically. Genetically, two types 
of strawberries can be distinguished: the all-female type, which is heterozygous for the 
sex factor, and the more or less hermaphrodite-male type, which is homozygous for 
that factor. In this latter group all kinds of intermediate forms are encountered 
between the all-male type with entirely sterile pistils and the almost entirely female 
type with only very few stamens. 

A good variety should have both well-developed stamens and entirely fertile pistils. 
Besides a fairly large number of varieties of which the stamens are well- or fairly well- 
developed and which have a high to moderate percentage of good pollen, there are 
some varieties of which the stamens are usually much less developed and which 
produce only a low percentage of good pollen. 

Pistil-sterility is reflected on the one hand in all pistils of one or more of the later 
flowers of the inflorescence failing to set, owing to which the receptacle does not swell 
and berries are not developed. This phenomenon is regularly encountered in seedlings. 
On the other hand a certain number of the pistils of a flower may fail to set, resulting 
in malformed fruits. 


1. INTRODUCTION 


In 1949, in different localities in the Netherlands, a very poor fruit set occurred in a 
clone of the strawberry variety Jucunda, the most important processing strawberry in 
our country, which still accounts for about 40 % of the total production. It was found 
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that a poor setting of fruit is not restricted to this one clone, but under unfavourable 
conditions may occur in all Jucunda clones. 

Since that time poor fruit setting in Jucunda has often been prevalent, notably in the 
years 1955 and 1957. In some years difficulties of fruit set may also occur in other 
varieties, but seldom to such an extent as in Jucunda. As poor setting may result in 
malformed fruits and crop failure, this problem is a very serious one. Therefore we 
have carried out further investigations on this problem, the results of which will be 
summarized in two papers. 

A large number of persons have collaborated in this work, either directly or in- 
directly. At the Institute of Horticultural Plant Breeding J. P. BRAAK carried out an 
investigation of response to low temperatures (see part II), A. E‚ ZEILINGA determined 
the quality of the pollen, J. H. A. FERGUSON and Miss F. GARRETSEN helped with 
the mathematical and statistical analysis. Special acknowledgement is also due to the 
Horticultural Advisory Services of the provinces of Noord-Brabant and Zeeland, 
which took an active part in the field trials with Jucunda in 1951 and 1952. 

Furthermore much information and help have been received from various other 
Advisory Services and growers. 


2. THE SYMPTOMS 


Soon after flowering it will be noticed that the flower clusters do not bulge out, as in 
a normal fruit set, but remain erect. The receptacle, carrying the ovaries, swells but 
little, because many seed buds have not set and remain small. Only the receptacle 
under the fertilized pistils develops into the coloured flesh, forming the pseudocarp 
called “strawberry”. In this way the malformed berries or “nubbins’”’ are formed, 
which often ripen later than the normal fruits (Fig. 1). The total yield is small and 
picking does not pay, because the crop is of inferior quality. 

This phenomenon of the “petrified” fruits in Jucunda is not new. At Beverwijk, in 
the Kennemerland-area, it was responsable for the failure of the strawberry crop in 
1923 where Jucunda was then a leading variety. Yet in recent years this phenomenon 
has become more noticeable. This is ascribed partly to the fact that the strawberry is 
receiving increased attention by research workers, extension services and breeders, so 
that deviating symptoms are noticed sooner; and partly to the losses in recent years 
having been greater. 

In previous years Jucunda fields consisted of mixtures of unselected or, at best, mass- 
selected plants. After the war a start was made with more intensive clone selection. Thus 
alarge improvement was achieved in the health status and productivity of the crop, but 
the fact cannot be denied, that this also entails risks for a relatively unreliable cropper 
like Jucunda. In 1949 for instance one of the clones selected in the Province of Noord- 
Brabant, called JK 3, a vigourous and profusely flowering clone, entirely failed as a 
result of poor fruit setting. In that year vast fields under this clone were unproductive. 
From this lesson the conclusion was drawn that it is safer to introduce mixtures of 
selected clones, instead of separate clones of Jucunda. Although clone JK 3 was, of 
course, immediately taken out of propagation, it was found that in 1955 this clone was 
still being propagated and sold by some private propagators. Again various growers 
incurred losses from poor fruit setting in Jucunda. Since that time the chances of such 
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Fia. 1. JUCUNDA STRAWBERRIES: à. WELL DEVELOPED BERRIES; b. MALFORMED BERRIES OR ‘““NUBBINS” 
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Fia. 2. NIGHTFROST DAMAGE OF FLOWERS 


POOR FRUIT SETTING IN STRAWBERRIES 


Fri. 3. 


a. FLOWER WITH WELL-DEVELOPED STAMENS. D. FLOWER WITH NEARLY COMPLETELY ABORTED STAMENS 


Fig. 4. STERILITY OF THE TIP OF THE BERRIES. 
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FIG. 5. a. ALL FLOWERS HAVE SET WELL. 


b. ONLY THE PRIMARY AND SECONDARY FLOWERS 


HAVE SET WELL; THE LATER ONES ARE MORE OR 
LESS STERILE. 


c. THE WHOLE INFLORESCENCE IS STERILE. 
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disapproved clones being propagated have been considerably reduced, as the Nether- 
lands Inspection Service for Arboriculture (N.A.K.-B.) decided to certify only re- 
cognized clones in the higher certification classes. 


3. CAUSES OF POOR FRUIT SETTING IN STRAWBERRIES IN GENERAL 


3.1. External causes 
SelelNa et Lrost 


Night frost just before, during or after bloom can destroy the young pistils, which 
turn black (Fig. 2). If all the pistils in a flower are frozen the entire receptacle cannot 
develop and dries out. If only a number of the pistils of a flower become frozen, the 
other pistils may set; but only that part of the receptacle swells which carries fertilized 
pistils. This results in malformed fruits. 

Some varieties are highly susceptable to night frost, e.g. the early flowering Madame 
Lefeber and the late-flowering Madame Moutot. Climax is not very susceptible, while 
the late Jucunda is hardly ever damaged by night frost. Some selections of the wild 
growing Fragaria virginiana in America also carry some resistance against night frost. 

Not only the susceptibility of the flowers themselves, but also the position of the 
flowers in relation to the leaves and the density of the leaves have an effect on the 
damage. In Climax the flowers are located under a compact mass of leaves and are 
consequently better protected than in Oberschlesien, whose flowers protrude beyond 
the leaves. 

The injury caused to flowers by winter frost has been left out of account here, as 
such flowers do not appear at all or only develop a little, but never come into flowering. 


3.1.2. Flowers damaged by parasites 


Insects and mites can damage the pistils of the flowers so that these cannot set. We 
saw an example in 1951 when we visited strawberry fields at Geneva (N.Y.) in America. 
Notably Fairfax showed many “nubbins”. The cause of it was not yet known there, 
but in 1952 the entomologist F. G. MUNDIGER discovered that this damage was caused 
by bugs (8). 

Strawberry mites (Tarsonemus pallidus BANKS) sometimes suck at the flowers and 
thus damage the pistils. As strawberry mites in our country are not yet very active in 
the open ground during flowering in May, they do not give us much trouble in this 
respect. In growing strawberries under glass, particularly in autumn production, 
attack by mites may have a substantial effect on fruit set; so it is of the utmost im- 
portance to use plants that are entirely free from mites. 

Some time ago FoRD and WILHELM in California discovered that a fungus of the 
family of the Moniliaceae may also cause misshapen fruits (4). The fungus parasitizes 
on the pistils of the strawberry flowers and can thus impede fertilization. 

Great losses may also be incurred if the plants are badly affected by leaf spot 
(Mycosphaerella fragariae) and leaf scorch (Diplocarpon earliana), especially when not 
only the leaves, but also the flowers are affected, owing to which the berries may be 
kept from setting (7). 
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3.1.3. Other unfavourable conditions 


Inclement weather during bloom. From various experiments and data the impres- 
sion is gained that cold weather with much rain and wind during bloom is very un- 
favourable for fruit setting in strawberries. There appears to be great variation in 
susceptibility between varieties. Auchincruive Climax, selected in Scotland, is rather 
resistant to bad weather conditions during the blooming season; Jucunda on the other 
hand is very susceptible. Most varieties hold an intermediate position in this respect 
and do not present any problems except under very unfavourable conditions, such as 
prevailed in May 1955. Early in May of that year flowering proceeded normally at 
first, but later a spell of cold, showery weather set in, which had an adverse effect on 
fruit setting. This was reflected in the harvesting period, which did not proceed regu- 
larly, but lacked ““a layer of fruits”. Unfortunately usable data on the above are not 
available, so that we cannot say whether ripening was only delayed, or whether the 
flowers from the cold period were “petrified”, in other words had not developed 
further. 

In table 1 the beginning of flowering is indicated for 1949-1957 in an early, a mid- 
season and a late variety; furthermore the average temperatures (averaged from 8, 14 
and 19 hrs local time) in the three decades of May, and the “normal” temperatures, 
interpolated from data of 1921-1950. 


TABLE Î. FIRST BLOOMING DATES IN SOME STRAWBERRY VARIETIES AT WAGENINGEN, COMPARED WITH 
AVERAGE DAYTIME-TEMPERATURES AT DE BILT 


LO4O NL OSON LIS Le LIS LOSS LOS ALO SSM LOS ON LOST LOSS 


Deutsch Evern (early) ‚ 30/4 5/5 5/5 | 29/4 | 27/4 10/5 10/5 19/5 27/4 10/5 
Oberschlesien | 


(midseason) 9/5 13/5» | 16/5 5/5 ? 12/5 ant OSS ne AS 

Jucunda (late) 12/50 43/5 19 B 12/3 4/5 | 42/5} 19/51 -22/5e (EA SD 2205 
Normal ; 3 
Decade temp. Average daytime-temperature during decade 
| | | 

April II Lif! dl 8.4 | 10.5 | TUE ln, 9,4 | 11.2 SOF eS nr 085 
May 1 12.9 MLS lS 2e 13:30 LOA AEON EL 27 EADE LS 8.9 | 14.2 
May II 14.3 13:34: ELS O 1 SS ESS SS RS DEET VE OE 
May 11 15.4 144 | 151 | 147 | 134 | 16.7 | 15,7 ‚ 11.7 | 160 | 123 | 14.3 


t) Years of bad fruit setting in Jucunda. 
Temperatures corresponding with the blooming period of Jucunda are bold marked. 


From the table it appears that the average temperature per decade during the 
blooming period of Jucunda is 13-17°C. Lower temperatures occurred in the third 
decade of May 1955 and 1957; during these years fruit setting was poor. This is an indica- 
tion that a low temperature may have an adverse effect on setting. However in 1949, 
when setting was also poor, the temperature during the blooming period, the second 
and third decade of May, was about normal. 


50 


POOR FRUIT SETTING IN STRAWBERRIES 


Insufficient pollination under glass. When growing strawberries under glass com- 
plete lack of wind may also cause insufficient fertilization. If during flowering the 
frames are kept closed too much for fear of loosing warmth, the circulation of the air is 
insufficient to effect a good pollination. Insects too are then excluded; it is notably the 
early-flowering strawberries under glass which may be much visited by bees. In a trial 
in the experimental garden at Zaltbommel with frame strawberries of the variety 
Deutsch Evern the best setting was obtained by opening the frames as wide as possible 
and applying a mist over the plants which set them in movement. The insects thus 
obtained ready access to the flowers too (1). 


Insufficient pollination in overcrowded beds. Growing in beds is specially suited 
for varieties and growing conditions in which only a fair amount of foliage is produced. 
Varieties and selections which produce so much foliage that the flowers and fruits are 
kept hidden underneath a thick mass of leaves are less suited for this cultivation. In 
many cases this also applies to peat and sandy soils on which foliar development is 
usually more vigorous than on clay. The flowers of overleafy plants cannot be suffi- 
ciently pollinated, the result being that they do not develop at all, or produce malfor- 
med berries. 


Unfavourable soil structure. _Unfavourable structure of the soil may also cause poor 
fruit setting of the young berries. The Horticultural Advisory Service at Amsterdam 
established from investigations of soil profiles, that “petrifaction”’ of the fruits of frame 
strawberries (Deutsch Evern) was often associated with a poor soil structure (14). The 
profile of the peaty soil was then spotty; at a depth of 40 cm it mostly consisted of a 
tough greyish mass. Such soils remain long cold and give off little warmth, especially 
at night. The actual cause of poor fruit setting is thought to lie in too low temperatures. 
The growers are advised in such cases to improve the structure of their soil, which will 
at the same time effect an improvement in the supply of warmth. 

In the Province of Noord-Brabant similar experiences have been gained with out- 
door varieties on soils-with hard “peaty” spots in the subsoil. 

As early as 1927 DARROW pointed out that fertility in strawberries can be greatly 
influenced by the soil type (3). In Oregon the flowers of the variety Ettersburg 121 were 
sterile on sandy soil, but on fairly heavy clay the variety was sufficiently productive. 
Also the wild Fragaria chiloensis and Little Scarlet, a selection of Fragaria virginiana, 
appeared to be highly sensitive to the soil. F. chiloensis was sterile on good garden soil, 
but gave a good set of fruit on sterile volcanic soil; Little Scarlet was much more 
productive on clay at Geneva (N.Y.) than on the sandy soils at Glenn Dale (Wash, 
D.C). It is difficult to say on what factors these differences depend. 


Thus it appears that the process of fruit setting in strawberries depends on various 
growing conditions. A distinction should be made between the influence on fruit 
setting process itself during bloom, and the influence of the growing-conditions on the 
initiation and development of the flowers during the period between bloom and 
during the proceding period. In order to find out on what factors the above practical 
experiences are based, further physiological research is necessary. 
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3.2. Internal causes 


3.2.1. Introduction 


Apart from the external factors (which can influence fruit setting) the causes of a 
poor set can also be inherent in the plants themselves and be genetically determined. 
There are many possibilities, but it is only on a few of them that more detailed infor- 
mation is available. There may also be an effect of viruses, with which many straw- 
berries are infected. No facts are yet known which indicate that certain virus diseases 
especially manifest themselves in a poor fruit set in plants that are otherwise vigorous. 

Genetically, two sex types are known in the strawberry, namely the purely female 
type, which is heterozygous for the sex factor and never develops any pollen, and a 
hermaphrodite — male type, which is homozygous for this factor. 

In the cultivated octaploid strawberry varieties only the hermaphrodite varieties are 
of importance. The few female varieties, for which a pollinator has to be available, 
such as Mieze Schindler, Tardive de Leopold and Macherauchs Späternte, are not 
suitable for growing on a large scale and can be left out of account here. Morpholo- 
gically and physiologically hermaphrodite strawberries form a very heterogeneous 
group; all types of intermediate forms can be found in it, from the purely male type 
with sterile pistils to the practically female type with only sporadically well-developed 
stamens. 

E. SCHIEMANN, who has carried out extensive research on sex problems in diploid 
and polyploid species, found among her material a number of plants differing both in 
pistil- and in stamen-sterility (10). She assumes that this phenomenon depends on a 
number of sterility factors. Some of these types were investigated anatomically by 
C. F. RupLorr (9). He found that the development of the seed buds and of the anthers 
could cease at widely different stages, which corresponded with the male and female 
sterility series, established by SCHIEMANN. 

Our research was limited to the cultivated octaploid strawberry varieties (2n — 56). 
Hence the question of sterility from crosses between species with varying numbers of 
chromosomes is left out of account here. 


3.2.2. Stamen sterility 


In purely female varieties the stamens form small sterile staminodia and then do not 
develop further. They never carry any pollen. In hermaphrodite types we may en- 
counter numerous intermediate forms from types with well-developed stamens to 
more or less aborted stamens with reduced or shrivelled anthers, carrying little or no 
pollen. The quality of the stamens depends on the variety, the stage of flowering and 
the temperature. 


The variety. There are a good many varieties with mainly good stamens, e.g. Deutsch 
Evern, Laxton van Glanerbrug, Georg Soltwedel and Suikeraardbei (—= Königin 
Luise). A few other important varieties often have poorly developed stamens, e.g. 
Jucunda and Madame Moutot. Between these extremes there are numerous inter- 
mediate forms, sometimes with moderate, sometimes with good stamens, such as 
Oberschlesien, Macherauchs Frühernte, Madame Lefeber and Ydun (see Table 2 and 
3). This is a point of consideration in the judging of varieties. 
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The stage of flowering. In the first flowers to open the stamens are often less devel- 
oped than in the later blossoms. 

The temperature. In some varieties the stamens develop better in warm than in cold 
weather. In 1944 we estimated the quality of the stamens in a number of varieties on 
May 26, after ten days of cold weather, and on May 31, at the end of a period of warm 
weather (Table 2). In various varieties the percentages of good stamens had markedly 
increased after a week of warm weather. 


TABLE 2. PERCENTAGE OF GOOD STAMENS AT WAGENINGEN ON MAY 26 AND 31, 1944 


Ee Beginning of | Percentage good stamens 

flowering 26/5 31/5 

Early 

DEALSCHEE VELEN vr Ne 1/5 100 100 

Laxton van Glanerbrug (— Amazone) | 24/4 100 100 

Madame IEefeberpen 10/5 100 100 

SICT RE enten einden ate nrd rt 12/5 WS) 100 

Midseason 

Roemswvannteperenburomn en Mn 10/5 60 100 

Oberschlesien Band el 18/5 60 80 

50 100 

Suikeraardbei (—= Königin Luise). . . 10/5 100 100 

Late 

Jueundat AA A AE hee Ee 16/5 Je) 100 

MadaimarMoutotm neee 16/5 25 60 


3.2.3. The quality of the pollen 


A point of separate discussion is formed by the quality of the pollen itself. VALLEAU 
(13) and Herorp (5) have observed that in addition to normally developed pollen 
grains a larger or smaller number of degenerated grains may occur in strawberry 
pollen. The amount of aborted pollen, despite great variation, is more or less typical of 
the variety. In a number of varieties counts have been made in different years, of the 
amount of morphologically good pollen. This, of course, only gives some information 
on the maximum amount of grains which can germinate. 

Germination experiments were not made by us. Even the percentages of morpho- 
logically good pollen in different samples of one and the same variety were found to 
fluctuate to such an extent that there seemed to be little point in determining the 
germination percentages. Nevertheless it was done by HEROLD, who found a strong 
correlation (r — + 0.675) between the percentages of morphologically good grains 


and germinating grains. 


At first the pollen grains were counted in lactic acid, later in Belling’s carmine acetic 
acid-glycerin, which colours the good grains red. In all cases samples of 3 x 100 grains 
were counted. 

The experiences of VALLEAU and HeroLD could be confirmed. The percentages of 
good pollen of one and the same variety varied widely. For example, in 8 different 
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samples of Deutsch Evern taken on 28 April and 4 May 1948 we found quantities of 
good pollen ranging from 37 % to 82 %. Notably the first flowers often have many bad 
pollen grains. 

We, too, have found that within very wide limits the quality of the pollen is typical 
of the variety. Although we have only one pollen analysis at our disposal for certain 
varieties, we have divided them into three groups on the basis of the figures given in 
table 3. 


Group 1. _ Varieties which usually have a high percentage of morphologically good 
pollen. 

Group II. Varieties with a moderate, but seldom very low, percentage of morpholo- 
gically good pollen. 

Group III. Varieties with a low to very low percentage of good pollen. 


For comparison the figures of HEROLD, which fairly closely agree with ours, are added. 

The last column of table 3 shows the quality of the stamens, recorded during full 
bloom in-1949 and 1952. In Group I and II the stamens are usually good to fairly 
good, but in group III they are mostly poor. This indicates that stamen-abortion and 
a low percentage of good pollen may be governed by the same factors. This seems 
to be confirmed by the fact that both the stamens as a whole and the pollen grains are 
better in the later flowers than in the first ones to open. 

It might be questioned whether pollination with insufficiently good pollen will 
actually bring about an unsatisfactory or poor setting of fruit. As far as we know there 
are no examples in the Netherlands of a poor setting due to inferior pollen in the 
varieties of group 1, which have a high percentage of good pollen. In the varieties of 
group II, with a moderate percentage of good pollen, cases of insufficient fruit set are 
seldom encountered. On one occasion, however, we saw a very poor set of fruit in 
erowded beds of Ydun. In Oberschlesien, which has been an important variety in the 
Kennemerland area since about 1930, poor setting may occasionally occur. 

At the time the experiences with Oberschlesien in England were very unfavourable 
(1, 12). Round 1930 Oberschlesien was often interplanted as a pollinator in fields of 
the female variety Tardive de Leopold in S.W. England. The results were disappoint- 
ing, owing to the inability of Oberschlesien to provide adequate cross-pollination. It 
was found that Oberschlesien was partially self-sterile itself. Even when it was polli- 
nated daily with its own pollen, it produced many slightly malformed fruits, while 
pollination with Royal Sovereign and Huxley resulted in normal, regular fruits. 

The different behaviour of Oberschlesien cannot be explained. Possibly the English- 
grown strain of this German variety was different from that grown in the Netherlands. 

In group III, with a low percentage of good pollen, only 2 varieties are encountered, 
Jucunda and Madame Moutot. Poor fruit set may occur in both; in Jucunda to such 
an extent, however, that it was subjected to further investigation (Part II). 

In a number of varieties self fertility was investigated by HEROLD, by bagging and 
tapping the flower trusses both of plants growing in the open and potted plants. On the 
basis of his results he divided the varieties into 6 fertility groups. In table 3 these are 
shown for a few varieties. 

Contrary to expectation these groups do no coincide with the degree of pollen 
degeneration. This is most noticeable in the variety Madame Moutot, which, despite 
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its poor pollen, belongs to the best fertility group. Deutsch Evern, with very good 
pollen, falls in fertility group 3, which is only sufficiently self-sterile. This seems to 
indicate that very little good pollen can suffice for a good fertilization. Evidently other 
factors are decisive for successful fertilization. 


TABLE 3. PERCENTAGES OF MORPHOLOGICALLY GOOD POLLEN FROM OUTDOOR STRAWBERRY VARIETIES 
AT WAGENINGEN COMPARED WITH THOSE OF HEROLD; AND QUALITY OF STAMENS AT FULL 
BLOOM 


Self- Quality of 
fertility stamens at 
group full bloom in 


1944 | 1948 | 1950 | 1951 | 1953 |Herold/HEROLD')| 1949 and 1952 


9% morphologically good pollen 
Varieties 


Group I (a high % of 


good pollen) 
OWA nn = = — = 80 helde good 
„Deutsch Evern .. .. |74-91|37-82| 61 — 94 80 3 good 
chiloensts dae € 97 — — — ni ee EE good 
F. vesca semperflorens 90 — — — — — — fair 
Roem v. leperenburg. . 67 — 64 — — — — rather good 
Laxton van Glanerbrug 

(EATAZONe 82 | 58-96 84 D good 
LETTE AEL — — — — 94 — — good 
SCarletmss ard. 85-90 — — — — — — good-rather good 
Gasoltwedel Ze. are — — 95 — — — — fair-good. 
Suikeraardbei 

(=S Königin Luise) . | 45-95 zE 63 = — 68 4 good 


Group II (an intermediate 
9% of good pollen) . . 

Roem van Breda . .. — — 39 — — — — rather good-good 

TAKEN an ae — > 38 — 69 — rather good 


Madame Lefeber .. . | 2771 — — — — 57 1 rather good 
Macherauchs Frühernte — — — — 48 — — rather good 
Oberschlesien . . „| 35-47 = 17 = 21-24 | 27 3 poor-rather good 
Mer pen ee 36 — — very poor-fair 
Hansa (—= Zwartkop) . 58 — 25 — — 54 5) fair-good 
Group HI (a low % of 

good pollen) 
Oneundansnttidma 11-29 441 | 4-21 | 29 — poor 
Madame Moutot .. .|1147 — 16 = 7 41 1 poor-rather good 


1) Self-fertility group 1 — very highly self fertile. 
6 — practically self-sterile. 


2 2) LE) 


3.2.4. Insufficient pistil-fertility 

In 1927 DARROW (3) stated that ““pistil-sterility” of hermaphrodite varieties is the 
only important type of sterility in the strawberry. He regarded it as one of the 
outstanding problems in the development of the strawberry. 

Complete pistil-sterility only occurs in purely male plants, as are encountered in 
some wild species (F. moschata, F. chiloensis, F. virginiana). In breeding one may come 
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across numerous intermediate forms in seedling populations from the purely male 
types to entirely hermaphrodite plants (Fig. 5). 

There are cases in which the primary, and sometimes also the secondary flowers of 
the inflorescence set well, but the following flowers are sterile. It also happens that 
only the last flowers in the truss are sterile, e.g. in the variety Bowa. Another kind of 
sterility was encountered in plants of which only the top of the fruits had not set 
(Fig. 4). 

The female tendency is the strongest in the primary flowers of the inflorescence; it 
decreases in the flowers of a higher order. Stamen-fertility, on the other hand, tends to 
increase in the flowers of a higher order of the inflorescence, which flower later than 
the primary and secondary ones. 

According to DARROw, about 1850 fruit setting in the hermaphrodite varieties in 
America was only 15-20 %. By discarding the little fertile varieties and breeding 
sufficiently fertile varieties it has since been possible to increase the fertility and there- 
by the productivity. In order to obtain the highest possible degree of productivity it is 
necessary that all flowers set well and develop into good, evenly shaped berries. 

In numerous crosses between all kinds of octaploid strawberry varieties no sterility 
by incompatibility has been found. As a rule such crosses were successful; only when 
using Jucunda as a mother-plant the setting was sometimes less good. Under glass in 
some casses little or no good pollen was obtained, both in Jucunda and in a few 
seedling-strains. 


SAMENVATTING 
Slechte vruchtzetting bij aardbeien 


1. Oorzaken van een slechte vruchtzetting bij aardbeien in het algemeen 


In 1949 bleken er onder de in Nederland geselekteerde klonen van het aardbeiras 
Jucunda één of meer voor te komen met een sterke neiging tot slechte vruchtzetting, 
resulterend in misvormde vruchten, en daarmee in een gehele of gedeeltelijke misoogst. 
Dit verschijnsel was geenszins nieuw, en is ook sindsdien herhaaldelijk meer of minder 
ernstig opgetreden. 

In dit eerste artikel wordt een overzicht gegeven van de mogelijke oorzaken van een 
slechte vruchtzetting bij aardbeien in het algemeen, in het tweede artikel zal het onder- 
zoek over het ras Jucunda worden besproken. 


Als uitwendige oorzaken van een slechte zetting zijn te noemen: nachtvorst in de 
bloeitijd; beschadiging van de bloemen door parasieten, hetzij insekten of mijten, hetzij 
fungi; ongunstige omstandigheden tijdens de bloei, zoals guur weer; onvoldoende 
luchtbeweging en bijenbezoek bij de glasteelt door het te veel gesloten houden van de 
ramen; onvoldoende bestuiving in een te dicht gewas; een slechte struktuur van de 
grond. Deze uitwendige faktoren zijn evenwel in meerdere of mindere mate door 
cultuurmaatregelen op te heffen. 

Ernstiger is daarom de steriliteit of onvolkomen vruchtzetting die genetisch bepaald 
en zeer gecompliceerd is. Genetisch kunnen bij de aardbei twee typen worden onder- 
scheiden: het volkomen vrouwelijke type, dat heterozygoot is voor de geslachtsfaktor, 
en het hermaphrodiete — manlijke type, waarin de geslachtsfaktor homozygoot is. Deze 
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laatste groep is verreweg het belangrijkste en grootste. Er worden alle overgangen in 
gevonden van het volkomen manlijke type met geheel steriele stampers en fertiele 
meeldraden, tot het vrijwel geheel vrouwelijke type met fertiele stampers en slechts 
enkele fertiele meeldraden. 

Een goed ras moet zowel goed ontwikkelde meeldraden hebben als goed functione- 
rende stampers. Naast een tamelijk groot aantal rassen met goed tot vrij goed ont- 
wikkelde meeldraden en voldoende goed stuifmeel, komen er enkele rassen voor met 
veel slecht ontwikkelde meeldraden en een laag percentage goed stuifmeel (tabel 2 
en 3): 

Steriliteit van de stampers kan tot uiting komen in het niet zetten van de zaadknop- 
pen in één of meer bloemen van hoger orde in de bloeiwijze, waardoor opzwelling van 
de bloembodem achterwege blijft en geen aardbeien ontstaan. Dit verschijnsel komt 
geregeld in zaailingen voor. Ook kan zich het geval voordoen, dat een deel van de 
stampers uit een bloem niet zet; hierdoor ontstaan misvormde vruchten. 
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ABSTRACT 


Cocksfoot is a very valuable forage grass. However, its palatability and digestibility 
leave to be desired. 

On the basis of data collected from the literature these undesirable qualities are 
ascribed to: 

a. a high lignin content, b. an unfavourable K/Ca ratio and c. harshness of the 
leaves through the presence of silicified dentations. 

Directions are given for the properties mentioned under a. and b. A selection me- 
thod is described for developing non-dentate plants and the results obtained so far are 
discussed. 


INTRODUCTION 


. 


Some areas in the Netherlands consist of sandy soils which are sensitive to drought. 
Crop rotation in the arable tracts is restricted by shortage of water prevailing for some 
time during the year. Permanent pastures are lacking or they are of a bad quality for 
Dutch conditions. When it is impossible to irrigate, the fertility of these soils can be 
improved by regular applications of organic matter in order to enhance the water- 
storing capacity. 

The supply of organic matter is greatly increased by introducing leys in the crop 
rotation. Grassland maintained for some years accumulates organic matter consider- 
ably and its usually enables more Livestock to be kept, with the consequent supplemen- 
tary production of farm yard manure. In addition introduction of leys will be a 
widening of crop rotation. 

In establishing leys on dry soil one is faced with the problem of choosing suitable 
species. The commonly used grasses — perennial ryegrass, timothy and meadow fescue 
— demand a moister and more fertile habitat and under dry conditions they are less 
reliable in production. The species which thrive on these poor and dry soils, mainly 
some Agrostis and Festuca-species, are of an inferior quality or are so unproductive 
that for that reason they are to be considered useless. 

Species of somewhat intermediate position are therefore worthy of attention, one of 
them being cocksfoot, Dactylis glomerata L. 

Cocksfoot is productive and possesses a fairly important drought tolerance, so that 
production in summer is relatively high and the total yield is equally distributed over 
the year. These properties render this grass suitable for leys on dry soils. 

LACKAMP (29), on examining 30 indigenous and foreign grass species, found that 
cocksfoot offered the best prospects for this purpose. 


58 


BREEDING FOR QUALITY IN COCKSFOOT 


In the Netherlands cocksfoot is recommended for leys on dry soils. In mixtures for 
permanent pastures this species is not included, because it is too vigorous in compe- 
tition with other grasses in the mixture, and also because it arouses complaints that 
cattle sometimes neglect it. 

By using on dry soils mixtures in which a late shooting selection of cocksfoot forms 
the main constituent, the difference in growth-rhythm with other components could be 
compensated. 

However, complaints of low palatability continued and these induced us to search in 
the literature for information on the palatability of cocksfoot, particularly on the 
features causing impalatability and on possibilities to remove these by breeding and 
selection. 

We have tried to compare in the first place cocksfoot with perennial ryegrass and 
timothy, since these grasses are fairly generally used in trials and are also well-known 
in the Netherlands. 

A comparison of data from the literature should of course be made with some 
restriction since results obtained on a given place and at a given time are not valid in 
all cases. 


PALATABILITY AND DIGESTIBILITY 


The palatability at a given moment is dependent on many factors (3, 6, 12, 22, 37, 
38, 40, 41, 46), factors which may be related both to the grass and to the livestock. 

As concerns the grass we may take into account stage of growth, habitat, manuring, 
moisture content, health, association and time of year. 

As concerns the animals, apart from individual differences, species, age and history 
and sometimes also the choice of other animals play a role. 

The time of year has a particular influence on cocksfoot, since in autumn and winter 
a heavy browning, the so-called winter burning, may occur, reducing the palatability. 
This can also play a part in spring with the resumption of growth. However, among all 
these factors determining the palatability at a given moment, there is a constant factor 
dependent only on the plant species and called intrinsic palatability by STAPLEDON (41). 

It is not surprising that the data in the literature concerning such a property as 
palatability which is so difficult to determine exactly, are not unanimous. Apart from 
the palatability, accessibility (12) has an influence, being better for erect growing 
grasses than for prostrate growing ones. 

The investigations of BRÜGGEMAN (9) led to the conclusion that timothy and pe- 
rennial ryegrass are more palatable for cows, calves, foals and sheep. Only hogs 
preferred cocksfoot. ARCHIBALD (3), in a seven-years experiment with cows, found that 
cocksfoot was less palatable than timothy. 

Ivins (22) mentions preference of cows for meadow fescue, timothy and perennial 
ryegrass to cocksfoot, when considering the whole growing season. He points out that 
for some periods other results may be obtained, while there are also varietal differ- 
ences. DAVIES (12) in his grazing experiments with sheep, found that cocksfoot was 
less palatable than timothy but somewhat better than perennial ryegrass. 

On account of its vigorous growth cocksfoot can outgrow other species. This 
favourable property can be a disadvantage in a mixture as is shown by SCHOLL and 
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associates (39) and Wirtz (49). These authors even are of opinion that cocksfoot under 
a good treatment is equally palatable as the other species. However, account should be 
taken of the fact that palatability-differences are dependent on the growing stage. 
BEAUMONT et al (6) state that with plants of 5-10 em height in their experiments hardly 
any palatability-differences were found. 

The data recorded in the literature and the experience gained by farmers might best 
be summarized by saying that cocksfoot in a young stage is palatable, but that it looses 
its palatability more rapidly then other grasses and then looses much of its ability to be 
grazed, or as was written by DAVIES (12) as far back as 1925: “It is evident, however, 
that cocksfoot is only palatable when kept fairly closely grazed”’. 


Good palatability is a condition for the uptake of a sufficient amount of food. After 
that it is the digestibility that determines how much of the food may become effective. 

According to the Annual Report 1956/57 (1) of the Grassland Research Institute at 
Hurley there are indications that cocksfoot is less digestible than perennial ryegrass, 
although more investigations are needed. VAN DER KLEY and VAN DER PLOEG (27) in 
comparative grazing experiments found that the percentage crude fibre in older grow- 
ing grass increased more rapidly in cocksfoot than in perennial ryegrass, while the 
starch equivalent and the percentage digestible crude protein decreased more rapidly. 
Hory (21) found a poor output of cocksfoot hay when compared with that of tall oat- 
grass. 


The quality defects of cocksfoot are therefore a lower palatability and poorer 
digestibility. As the breeder prefers to base his work on more accurate objectives, it is 
interesting to consider the question whether there are properties in cocksfoot that in- 
fluence the palatability and digestibility unfavourably, or reduce its feeding value in 
other ways. On the basis of the literature mentioned below we presume in this article 
three factors to be of influence, viz. 


a. the high lignin content 
b. the cat-ion ration 
c. the harshness of the leaves 


The lignin-content 


According to the traditional analysis of roughage the N-free organic matter is 
divided into fats, crude fibre and N-free extracts. 

In this pattern the crude fibre represents a standard of the indigestible part of the 
organic matter. However, as the digestibility of this fraction has appeared to be fairly 
good sometimes, this division does not comply with expectations. CRAMPTON and 
MAYNARD (11), cited according to PLUMMER (36), have therefore suggested to adopt 
an analysis based on determination of lignin, cellulose and other carbohydrates in 
place of the conventional analysis into crude fibre and N-free extracts. These carbohy- 
drates are easily digestible, cellulose takes an intermediate position and lignin is con- 
sidered indigestible. In addition lignin reduces the digestibility of other components 
(16, 32, 36). 

Other authors do not consider lignin to be entirely indigestible. Ey et al (15), in 


60 


BREEDING FOR QUALITY IN COCKSFOOT 


rations containing cocksfoot hay, found 3.8 % to 16 % as digestibility coefficients of 
lignin, dependent on the ripening stage of the grass. Lignin derived from young cocks- 
foot gave the highest coefficients. 

SULLIVAN and GARBER (43), in the literature, found even higher figures for the 
digestibility of lignin, which, as they maintain, may be ascribed to the difficulties of its 
quantitative determination and of its separation from more digestible substances. 


In dealing with data from the literature an attempt is made to use the system 
designed by CRAMPTON and MAYNARD, but this was not always possible. For practical 
purposes the conventional system of analysis continues in use because the determina- 
tions required in that system can be easily carried out in a series. Also there is a tend- 
ency to maintain the applicability of the investigations carried out for a century (18). 

PLUMMER (36) found 5.35 %, lignin in the dry matter of cocksfoot, against 4.27 %/ in 
timothy and 3.34 % in perennial ryegrass. If the lignin and cellulose fractions are taken 
together, the figures become 41.06 % for cocksfoot, 31.42 % for perennial ryegrass and 
31.8 % for timothy. These figures hold for immature plants having few stems. 

NORMAN (31) established a conspicuously high lignin content in young cocksfoot, 
which as he remarked may be partly due to an erroneous determination, however. The 
lignin content over the whole period of development was higher than that of ryegrass. 
The cellulose and lignin content in young cocksfoot was 46 %%, in mature plants 58 % 
of the dry matter. For ryegrass these figures were 29 % and 47 % respectively. In an 
other publication (30) also this author states that cocksfoot contains a high percentage 
of structural constituents, even in a young stage. 

Kik and STATEN (25) record for cocksfoot a higher lignin and crude fibre content 
than for tall fescue. ARCHIBALD and BENNET (2) however, state that the crude fibre 
content of meadow grass and tall fescue is higher than in cocksfoot, though cocksfoot 
has a higher content than timothy. 

In later experiments ARCHIBALD (3) found for cocksfoot 23.0 % crude fibre, for 
timothy 20.6 %. These determinations were made on grasses in the grazing stage. 


ARMSTRONG and THOMAS (4) compared the lignin content of cocksfoot with that of 
perennial ryegrass and tall fescue. When compared in the same stage of growth little 
difference was found; cocksfoot in general appeared to compare rather unfavourably 
with the two other grasses. Only in the seeding stage perennial ryegrass had a markedly 
higher content than cocksfoot. 

Primus c.s. (34) found no reliable differences in lignin content between cocksfoot 
and timothy. In the years 1948/49 (34) a significantly higher cellulose content was 
found in cocksfoot; in later investigations (44) no significant differences between these 
two grasses were found in this respect. The data obtained by VAN DER KLEY and VAN 
DER PLOEG (27) have already been mentioned. 

From the above it is clear that there is a fairly good agreement in the various data so 
that the content of poorly digestible organic compounds is higher in cocksfoot than in 
perennial ryegrass or timothy. 


The breeding for a lower lignin content of cocksfoot would be facilitated a great deal 
if there was a simple lignin determination that could be executed on a large scale. 
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There is not even a method the reliability of which is generally recognized (26). 

Lignin is not a simple well-defined substance, but a mixture of changing composition 
(26). Lignin is often determined according to the prescription of ELus et al (14), but 
this method is too laborious for series work with the equipment of most breeding esta- 
blishments. Another criticism is that a chemical method only determines the quantity 
of lignin while the place where lignin is deposited is of consequence. 

Apart from chemical methods, botanical methods have been used. STEPPLER (42) 
coloured the lignin in preparations of stem sections and then projected the coloured. 
sections on a paper wall. The coloured part of the projected cross section was drawn 
in outline, cut out and its weight compared with the weight of the whole section. The 
ratio was taken as a quantitative estimate of lignin. A similar method was applied by 
BIErr (7) to determine the lignified part of the stem. 

A drawback of the botanical methods is that they are applied to the stem which does 
not play a part in the grazing stage. The method would gain in value if there were a 
good accordance between the lignin-content of the stem and that of the whole plant, 
also in a young stage. 


The foregoing data lead to the conclusion that it is not easy to select directly for a 
lower lignin content. It is important in this connection that the lignin content of the 
leaves is significantly lower than that of the stems (35), so that it is possible to approach. 
this character by breeding for a higher leaf stem ratio. In that case a situation is 
reached as exists in the selection for protein content, whereby the breeders mostly do 
not determine the protein content but aim at a large contribution of the leaf. As a 
matter of fact this method is more effective for the hay quality than for the quality of 
young grass. 

Important are also the results of Bier1 (7) who found that plants with large stems are 
richer in crude fibre than those with fine stems so that his advice is to select in plants 
with fine stems. PIGDEN and HEINRICHS (35) had similar experience with Agropyron 
intermedium (Hosr). In 6 clones the lowest lignin content was found in those with the 
finest stems. However, the percentage of leaves has an even greater influence. 


A further question is whether there is a difference in lignin content between plants 
with stiff leaves and those with drooping leaves. As in cocksfoot there are clear differ- 
ences in leaf habit (fig. 1) this point is worth investigating especially. A pleasant feature 
of this character is that it is valid as it applies to plants in the growing stage. Moreover 
it could be combined with fine stems. 


The cat-ion ratio 

BoscH (8) pointed out in his lecture at the European Grassland Congress in 1954 
that the ratio K/Na in cocksfoot lies higher than in perennial ryegrass. Later DE 
VRIES (48) has published figures leading to the same conclusion. A high value of this 
ratio furthers the incidence of grass tetany (8, 23, 24, 47). 


For comparison we have converted some figures from the literature into the ratio 
K/Ca (table 1). 
This ratio cannot always be computed from the data in earlier papers since the 
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K-content was not always determined. The ratios computed for cocksfoot are clearly 
higher than in perennial ryegrass, the difference with timothy mostly being smaller. 


TABLE 1. RATIO K/Ca IN COCKSFOOT, PERENNIAL RYEGRASS AND TIMOTHY 


BoscH De VRIES | THOMASC.s. | THOMASC.s. | ZÜRN (50) | ZÜRN (50) 
(8) (48) *) (45) °) (45)%) Ist cut 2nd cut 
COekstoot Taren Je) 3.50 2.82 3.44 SE 3.38 
Perennial ryegrass . 3.62 2.09 1.92 DD (7 1.56 
moth yae 3.34 2.65 3.28 2.19 2.00 


t) grazing stage 2) late vegetative stage 3) in full bloom 


ZURN (5) also records varietal differences in cocksfoot in this respect. 

From the investigations of THOMAS et al (45) it follows that the ratio mentioned is 
higher in cocksfoot during the whole period of development of the grasses. 

ARCHIBALD and BENNET (2) stated as far back as 1935 that the K- and PO,-con- 
tent of cocksfoot is high, the Ca: PO, ratio becoming too low. 

FUELEMA and BURLISON (17) however found in cocksfoot a high and uniform Ca- 
content in comparison with Bromus inermis and Poa pratensis. The mutual ratio of the 
cat-ions was not determined. 

In this connection the results of a recent investigation by ARMSTRONG ef al (5) are 
important. In feeding experiments with rats they compared perennial ryegrass, timothy 
and cocksfoot as a source of calcium. It was shown that calcium from cocksfoot was 
significantly less available than from the two other grasses. This makes the mineral 
value of cocksfoot even less favourable. The calcium which according to the above 
data was present already in an unfavourable ratio is apparently also less accessible 
(perhaps because of the unfavourable ratio ?). ARMSTRONG et al also found indications 
of an inverse proportion between the availability of calcium and the crude fibre con- 
tent. The latter was highest in cocksfoot. 


It is difficult to practice selection for a suitable K/Ca-ratio. Even if the desirable 
magnitude and the way in which the ratio depends on external circumstances were 
known, selection could still require a large number of chemical determinations, and 
this is beyond the possibilities of most breeding establishments. Some rapid methods 
recommended in the literature gave no satisfactory results in preliminary investiga- 
tions carried out at our Institute. 


Further research is necessary to ascertain how far selection on soils poor in lime 
offers prospects. Cocksfoot has its natural habitat on calcarious soils. It requires a soil 
that is rich in lime, though it possesses a relatively low Ca-content. This might be an 
indication that cocksfoot possesses a poor ability to take calcium from the soil. 

By carrying out a breeding programme for cocksfoot on soils that are poor in lime — 
for which it is also destined in the Netherlands — there is a possibility of selecting a 
type of cocksfoot which possesses a better capacity to absorb calcium. 


Another idea is the breeding of a cocksfoot that is not too aggressive against clover. 
Cocksfoot has a very detrimental effect on clover; in an old cocksfoot meadow of some 
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years standing clover hardly occurs. If in a cocksfoot ley a considerable percentage of 
white clover could be maintained, either through an improved tolerance of cocksfoot 
or of clover than the mineral-ratio of the harvested product improved considerably: 
the K/Ca-ratio of leguminous crops is much lower than that of grasses. 


Harshness of the leaves 


Cocksfoot has sharp silicious dentations, especially along the margins and the 
midribs of the leaves. These teeth are more vigorously developed and silicified than in 
other grasses. They cause the margins, particularly of older leaves, to be very sharp, 
sharp enough to cut the fingers. Presumably this harshness impairs both the palatabili- 
ty and the digestibility. 

The earliest — and unfortunately the only fundamental investigation into this cha- 
racter was carried out by Hory (21) in Germany in 1907. He experimented with sheep 
which were given hay in their rations. One group received cocksfoot hay and another 
group tall oat-grass hay. 

The cocksfoot ration yielded a remarkably bad output compared with tall oat-grass, 
which could not be explained by the chemical composition of the two grasses. HoLy 
(21) explained this result by pointing to the heavy silicification of cocksfoot which he 
described in details. From his experiments it is clear that these heavily silicified parts 
are not broken down during the digestion process and actually block the digestion of 
other plant parts. 

They also injure the mucous membranes and glands of the digestive organs. 


As far as we know no further feeding experiments of this subject have been made. 

Harshness of the leaves is often mentioned as a character reducing the palatability 
of a grass. DAVIES (12) includes harshness of the leaves in the secondary factors in- 
fluencing taste. He presumes that cocksfoot in a mature stage is avoided by the animals 
for this reason. 


STAPLEDON (40) states that leaves with strongly serrated or barbed margins are not 
palatable and will be neglected as long as more favourable herbage is available. Trials 
at Aberystwyth have shown that sheep evinced a decided preference for plots con- 
sisting of cocksfoot strains with the barbs reduced to a minimum. 

As it is easy to ascertain the presence of dentations by touching with the fingers or 
by observation with a magnifying glass, selection for absence of this character offers 
good prospects. A favourable feature in this connection is that the silicic-acid content 
of cocksfoot is not higher than that of other grasses, as was shown by BiErt (7). 

LACKAMP (28) mentions differences in silicic-acid content in cocksfoot seedlings and 
he advises selection based on this character. In our opinion the improvement of 
cocksfoot to a lower SiO,-content is not more imperative than in other fodder grasses. 


EXPERIMENTS 


Breeding work on cocksfoot at the Foundation for Agricultural Plant Breeding 
started with some 4,000 plants derived from grasslands in the Netherlands and 2,000 
plants from commercial seeds (13). There were big differences in harshness among the 
plants, which is in accordance with the experience of many others (7, 10, 20, 28). 
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FIG. |. STIFF-LEAVED (LEFT) AND DROOPING (RIGHT) PLANT OF COCKSFOOT 


Fic. 2. ENLARGEMENTS OF DENTATED (LEFT) AND NON-DENTATED (RIGHT) LEAVES OF COCKSFOOT 
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However, in the initial material not a single plant was found that was entirely free from 
dentations. 

Examining large numbers of mature plants by touching is time-consuming and un- 
pleasant work in the long run. However, it is also possible to examine the character in 
fairly young seedlings and this enables the work to be done during the winter months. 


The experiments were carried out in the following way: 

Seeds were sown in a heated glasshouse in winter and the seedlings were examined 
after about eight weeks. By moving the leaves along the fingers or by using a magni- 
fying glass this procedure could be carried out quite speedily. In total more than 
10,000 plants were examined. The selection yielded 880 seedlings which were judged as 
being less harsh, even though they still possessed clearly visible silicic-acid teeths. 
These seedlings were planted in the open field in the spring and were reexamined later 
when mature. 

After this second assessment 220 plants remained that were smoother than the 
others. These plants were then compelled to selfing by bagging 10 inflorescences per 
plant before flowering. Of these bagged inflorescences 150 gave some seed, the yields 
varying widely. Some selfings produced a few seeds only, from others hundreds of 
seedlings were obtained. 


In one of these inbred families four plants were found which after examination with 
the fingers and with the magnifying glass appeared to be free from dentations. In the 
open pollinated progeny of the parent plant one other plant was found with the same 
character. Later this mother plant has been allowed to produce seed once more, both 
by selfing and open pollination, in order to ascertain the segregation ratio. It appeared 
that among 236 I, seedlings there were 11 without dentations. In 266 offspring derived 
from open pollination only one seedling of this type was found. It is also important to 
know the chance of finding in random initial material mother plants that after selfing 
segregate plants without dentations. Continued inbreeding in other families so far has 
produced no results, but investigations are being continued. 

The five plants resulting from the first examination were again assessed in a mature 
stage. With strong magnification some vestigial dentations were seen; however, they 
were smaller than the serrations which are found on nearly all cultivated grasses. 

Although for practical purposes the result certainly may be called sufficient, the 
selection has been continued. The progeny obtained by mutual pollination of these 5 
plants was carefully examined with strong magnification. Through particular circum- 
stances only a small quantity of seed was harvested in the first year, although in the 
next year it was shown that the seed production of these plants may be normal. From 
an offspring of 608 plants 260 individuals were isolated which had an even smoother 
surface than the five parent plants (figure 2). In the meantime these plants have pro- 
duced seed which is still to be examined. 

In principle harshness of the leaves in cocksfoot can be eliminated entirely by 
selection. 

HERTsCcH (20) has also recorded the existence of smooth-leaved cocksfoot plants and 
Zie (51) too describes such plants. The latter author applied X-rays and then subjected 
his material to inbreeding. 
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DISCUSSION 


In order to provide a guide to the possibilities of selecting for palatability and high 
digestibility of cocksfoot, we have combined the data scattered in the literature. 
Further research will have to test the above mentioned selection methods for their 
efficiency. The actual value of softness of the leaves against harshness should be 
ascertained, while data should also be gathered concerning the inheritance. 

Improvement of a particular characteristic has sense only when the other good 
qualities are not lost. Therefore more knowledge is desirable on the possible relation 
between such properties as drought tolerance and lignin content or harshness. Many 
of these problems remain to be solved or are insufficiently known in the present state 
of our knowledge about the subject. 


SAMENVATTING 


Veredeling op kwaliteit bij kropaar 


Kropaar is een zeer waardevol gras. De smakelijkheid en verteerbaarheid laten 
echter te wensen over. Op grond van literatuurgegevens worden als oorzaken hiervan 
genoemd: 


a. een hoog ligninegehalte, 
b. een ongunstige K/Ca-verhouding, 
c. ruwbladigheid door kiezelzuurtanden. 


Voor de verbetering van de onder a en b genoemde eigenschappen worden richt- 
lijnen gegeven. Een selectiemethode ter verkrijging van niet ruwe planten wordt be- 
schreven. 
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ABSTRACT 


L. Plants of Callistephus chinensis cv. ‘Giant Comet’ were subjected to photoperiods 
of 8 or 16 hours. In short day (SD) a much greater number of leaves was formed than 
in long day (LD) before the terminal inflorescence was initiated. By transferring plants 
from LD to SD at weekly intervals it was established that in LD floral induction is 
completed about 6 weeks after sowing. 

2. Inflorescence development proceeds faster in SD than in LD. Plants in continu- 
ous SD or LD flower almost simultaneously. Plants transferred from LD to SD six 
weeks after sowing, flower about a month earlier than those plants grown entirely in 
ED. 

3. Gibberellie acid (GA3) did not affect inflorescence initiation in LD. In SD, 
however, GA3 applications reduced the number of leaves formed before the inflores- 
cence. The maximal effect, obtained by spraying with a solution of 25 mg GAs/1 
during 30 days, halved the difference in leaf number of untreated plants in LD and SD. 
The same effect was obtained when plants were sprayed 10, 20 or 30 times during this 
30 day period. 

4, Manipulation of the photoperiod allowed the development of a method to grow 
two generations within one year. This method, which is being used to speed up a 
breeding project, is briefly described. 


1. INTRODUCTION 


A study of the genetics of wilt resistance in the China aster, Callistephus chinensis (L.) 
Nees was initiated in 1954. It was necessary to develop a method to grow two aster 
generations within one year to expedite this project. The purpose of the experiments 
to be discussed in the present paper was to study the response of China aster to photo- 
period and gibberellic acid, GA3 (Ll). Only the results obtained in 1957 and 1958 will 
be given. In previous series aster strains were used that were not wilt resistant, so that 
many plants were lost and only fragmentary data could be collected. The results of the 
genetical work will be given in a future paper. 


2. MATERIAL AND METHODS 


A wilt resistant strain of the cultivar “Giant Comet’ was used for these experiments. 
It was one of our own selections, inbred for four generations in 1957, for five in 1958, 
and highly homozygous. In 1957 seed was sown in a greenhouse on 29 May under the 
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prevailing conditions of long day. The young plants were potted on 20 June. On the 
same day, they were placed on waggons which were in the open from 8 am to 4 pm 
and then were rolled into sheds, through which no daylight could penetrate for the 
remaining period of 16 hours. Some plants were subjected to long days (LD) by re- 
ceiving additional illumination of weak incandescent lamps during an 8 hour period 
in the sheds. The plants which were subjected to short day (SD) remained in darkness 
for the whole period of 16 hours. In 1958, plants were treated in the same way, but 
seeds were sown on 10 May and SD treatments started on 2 June. 

Both in 1957 and in 1958 there were two series of experiments. One was devised to 
study the effect of daylength, the other to study the effect of gibberellic acid. In 1957, 
the first series comprised 10 groups of 25 plants each. One group remained in LD until 
flowering. The others were moved to SD after 0, 1,2, 3,4, 5, 6,7, or 8 weeks of LD. In 
1958 there were 9 groups of 10 plants which received the same treatments, except 
continuous LD. Treatments started 21 days after sowing in 1957 and 23 days after 
sowing in 1958. 

In 1957 the second series comprised 20 groups of 10 plants each. Ten groups re- 
mained in LD, the other ten in SD. In both environments the groups were sprayed 
1, 2,3, 4, 5, 6,7, 8, 9 or 10 times with a solution of gibberellic acid, containing 25 mg 
of this substance per liter water. The first five sprays were given once a week, and the 
remaining sprays every other day. In 1958 there were only 6 groups but they were all 
grown in SD. Plants were sprayed with a solution of 25 mg/l until there was a runoff. 
Sprays were given at the following intervals: daily for a period of 10, 20 or 30 days, 
every other day for a period of 20 or 30 days, or once every three days for a 30 day 
period. The treatments started 21 days after sowing in 1957 and 23 days after sowing 
in 1958. 


3. RESULTS AND DISCUSSION 


3.1. Effect of daylength on inflorescence initiation 


In 1957, plants permanently in long day initiated a terminal inflorescence after 
about 30 (29.9 + 0.39) leaves. In short day inflorescence initiation was delayed until 
after 58 (57.9 + 1.40) leaves. This shows that the China aster is a quantitative long day 
plant. This conclusion was confirmed in 1958. 

The data obtained from plants transferred at one-week intervals from LD to SD 
show that when plants were moved 6 or more weeks after sowing, SD no longer had 
any effect on initiation (Fig. 1). This warrants the assumption that at this time in- 
duction (i.e. the physiological processes leading to the shift from the vegetative to the 
generative condition) had been completed. At this time the plants had about four 
mature leaves in addition to the cotyledons. Unfortunately, the number of immature 
leaves and primordia was not established, but it may be assumed that the total was still 
far removed from 30, so that actual inflorescence initiation did not take place until some 
weeks afterwards. 

It is worthy of note that in 1957 plants removed from LD to SD, after 7 weeks 
formed slightly less leaves than those which remained in LD somewhat longer. This 
was confirmed in 1958, when the difference was even more clear. This could mean that 
there exists an optimum number of long days so that additional long day cycles have 
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Age (in weeks) at which plants were moved from long day to 
short day. 


Leeftijd (in weken) waarop de planten van lange dag naar korte 
dag werden overgebracht 
Fig. 1. EFFECT OF DAYLENGTH ON INFLORESCENCE INITIATION. 
Invloed van de daglengte op de aanleg van de bloeiwijze 


a slightly inhibitory effect. If this were so, one could assume that LD promoted the 
first inductive process, but inhibited the next step, i.e. flower initiation. However, it 
is doubtful whether the small differences are significant. Leaves pass gradually into the 
bracts of the involucre and the possibility cannot be excluded that daylength has some 
effect on this transition. 


3.2. Effect of daylength on inflorescence development 


In 1957, plants in LD flowered 126.4 + 1.73 days after sowing. Those in SD flowered 
almost simultaneously, viz. after 128.2 + 1.68 days. Because in SD initiation is de- 
layed, the inflorescences must have grown out at much greater speed in SD than in LD. 
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Consequently, one may expect that earliest flowering occurs in plants transferred from 
LD to SD at the moment when floral induction has just been completed, viz. 6 to 8 
weeks after sowing. The data summarized in Fig. 2 show that this is indeed the case. 
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FIG. 2. EFFECT OF DAYLENGTH ON INFLORESCENCE DEVELOPMENT. 
Invloed van de daglengte op de ontwikkeling van de bloeiwijze 


Plants shifted to SD after 6 to 9 weeks of LD flowered about 96 days after sowing, or 
one month ahead of those kept in either LD or SD throughout. When the transfe: to 
SD occurred more than 8 weeks after sowing, the retarding effect of LD on inflores- 
cence development became apparent. In 1958 the results were similar, but the plants 
flowered more quickly, probably because the summer was warmer. 

It should be noted that there appears to be a certain antagonism between inflores- 
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cence development and elongation of the stem. In LD the plants reached a height of 
about 35 cm, but in SD stem length was only 15 to 18 cm, although there were twice 
as many internodes as in LD. 


3.3. Effect of GA3 on inflorescence initiation 


In 1957 it was established that GA3 (Ll) had no effect on inflorescence initiation in 
long days. In short days, however, there was a marked reduction of the number of 
leaves laid down before the inflorescence was initiated. One GA; spray reduced the 
leaf number from 58 to 56, a second spray brought it down to 49, while after three 
sprays only 44 leaves were formed. Additional sprays caused no further reduction, so 
that the maximal effect of GA; consisted of a reduction of the difference in leaf 
number in SD and LD from 28 to 14. 

As the sprays were given at weekly intervals, the fourth spray was given 3 weeks 
after the beginning of the treatments, i.e. 6 weeks after sowing. The data summarized 
in Fig. 1 indicate that at this moment floral induction had already been completed. 
It seemed to be justified to regard this as the cause of the ineffectiveness of the fourth 
and later GAg sprays. Therefore, it was planned in 1958 to increase the number of 
applications during the first weeks to establish whether greater quantities of GA3 in 
this early stage would lead to a further reduction in leaf number. 


TARLE 1. EFFECT OF GA3 SPRAYS IN SHORT DAY (1958) 
Invloed van GAs-bespuitingen in korte dag (1958) 


GA; applications 
GA, bespuitingen Leaf number Days to flowering 
Number Frequency Aantal bladeren Dagen tot bloei 
Aantal Frequentie 
10 Once in 3 days during 30 days .. . 35.4 0737 
Eens per 3 dagen ged. 30 dagen . 
10 Every other day during 20 days . . 40.7 101.8 
Om de andere dag ged. 20 dagen .. 
10 Dailysdurngn0rdays st 41.5 106.3 
Dagelijks ged. 10 dagen 
15 Every other day during 30 days . . 38.2 100.8 
Om de andere dag ged. 30 dagen 5 
20 Dallvedurn 2 OLAys wa 39.5 102.5 
Dagelijks ged. 20 dagen | 
30 Daily during 30 days .. ..... 36.6 | 0055 
Dagelijks ged. 30 dagen | 
Contro NOHSPraved) Mrne ene NeR ke Stell 134,7 
Controle (niet bespoten) 


The data summarized in Table 1 show that these efforts have not been successful. 
The maximal promotive effect of GA; was an acceleration of inflorescence initiation 
to the 36th node. Under the same conditions, untreated plants in continuous SD 
flowered after 53 internodes, and those removed from LD to SD 7 weeks after sowing 
flowered after 20 internodes (Fig. 1). These figures show that GA; did not annul the 
difference in leaf number in SD and LD but reduced it from about 33 to about 16, in 


73 


J. DOORENBOS 


other words, halved it, just as in 1957. This contradicts the previous assumption that 
the failure of GA to substitute for more than half of the LD effect on induction can 
be ascribed to the application of insufficient amounts of the substance. Of the alter- 
native explanations that come to mind, the simplest is that at a given moment the 
plant can only take up, or react to, a limited amount of GA. This hypothesis is sup- 
ported by the fact that, as Table 1 shows, the effect of GA is neither proportional to 
the number of applications, nor to their frequency, but only to the length of the period 
during which they were given. 


3.4. Effect of GA; on inflorescence development 


The following data were collected in 1957. Although GA3 did not affect inflorescence 
initiation in LD, it hastened development. Each additional application gave a further 
reduction of the number of days between sowing and flowering, so that plants sprayed 
6 times flowered 6 days ahead of the controls. The difference between plants sprayed 
6, 7, 8, 9 or 10 times was not significant. In SD similar results were obtained, but the 
reduction of the number of days to flowering, especially by the first three GA3 sprays, 
was more pronounced, the maximum effect being about 20 days. This was to be ex- 
pected, as in SD GA; sprays also hasten inflorescence initiation. It should be kept in 
mind that the treatments were given long before actual inflorescence development 
began. It is possible that a greater effect would have been observed if the GA3 sprays 
had been continued until anthesis. Length of the stem was not much affected in LD, 
plants sprayed 10 times being only about 2 cm longer than the controls. In SD the 
difference was greater, viz. about 15 cm. 


4. GROWING TWO GENERATIONS IN ONE SEASON 


The method used to grow two generations of China aster in one year is as follows. 
Seed is sown during the second half of February, because the light intensity is too low 
in the Dutch climate to allow normal growth during the first six weeks of the year. The 
seedlings are subjected to LD from emergence until an age of about 8 weeks. From 
then on they receive an artificial SD of 9 hours until the terminal inflorescence starts 
to open. At the onset of flowering the plants are removed to the natural long day, as 
seed set is much better at high light quantities. The seed can be harvested in July. It 
can be sown immediately. Six to eight weeks after emergence the seedlings of the 
second generation are subjected to SD, until the beginning of anthesis. At that time 
the prevailing light intensity is too low to ensure a good seed set, so that plants have 
to be irradiated with supplementary light of high intensity. Seed is harvested in No- 
vember. So far gibberellic acid has not been used to give a further acceleration of 
flowering. It is possible that by the use of high intensity light in January and February 
and of GA; in addition to the photoperiodic treatments more than two generations 
within one year may be obtained in the future. 
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SAMENVATTING 
Reactie van de aster op daglengte en gibberellazuur 


1. Planten van Callistephus chinensis cv. ‘“Reuzenkomeet’ werden blootgesteld aan 
daglengten van 8 of 16 uur. In korte dag (KD) werd de eindelingse bloeiwijze na een 
veel groter aantal bladeren aangelegd dan in lange dag (LD). De aster is dus een 
kwantitatieve langedag-plant. Door iedere week een groep planten van LD naar KD 
over te brengen, werd vastgesteld dat de bloei-inductie in LD 6 weken na het zaaien 
reeds is voltooid (Fig. 1). 

2. De bloeiwijze ontwikkelt zich sneller in KD dan in LD. Planten in continu LD 
of KD bloeien ongeveer gelijktijdig. Planten, die 6 weken na het zaaien van LD naar 
KD worden overgebracht, bloeien ongeveer een maand eerder (Fig. 2). 

3. Gibberellazuur (GA3) heeft geen invloed op de aanleg van de bloeiwijze in LD. 
In KD reduceert het echter het aantal bladeren. Het maximale effect, bereikt door be- 
spuitingen met GA3 (25 mg/l) gedurende 30 dagen, bestond uit een halvering van het 
verschil ín aantal bladeren tussen onbehandelde planten in KD en in LD. Het was 
hierbij onverschillig of gedurende de periode van 30 dagen 10, 20 of 30 bespuitingen 
gegeven werden (Tabel 1). 

4, Door gebruik te maken van de reacties van het gewas op de daglengte werd een 
methode ontwikkeld om twee generaties per jaar te telen. Deze methode, die gebruikt 
wordt om de voor een veredelingsprogramma benodigde tijdsduur te bekorten, wordt 
in het kort beschreven. 
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ÄBSTRACT 


The author describes some experience in the construction and management of 
movable polyethylene covered plant breeding cages for the controlled pollination of 
insect and wind pollinated plants. A description of two cage sizes is given, one to hold 
a single plant for selfing or two plants for pairs crossing and another to accommodate 
a family of about thirty plants. The material, time and labour necessary for the con- 
struction of these cages is given so that a reasonably accurate assessment of the cost 
may be made. 


INTRODUCTION 


The work of the Geneticist and Plant Breeder often involves the controlled mani- 
pulation of the flowering mechanisms of insect and wind pollinated plants. It is 
necessary to protect these parts from contamination by undesirable pollen and in the 
case of wind borne pollen this is often a particularly difficult and expensive procedure. 
The normal precautions taken involve the provision of insect and pollen proof glass- 
houses, spacial isolation and: protection of individual flower heads with translucent 
bags. 

The lack of suitable facilities often hinders and prolongs a breeding project and it is 
undesirable that it should be made to fit the static structures which are available. In 
planning a breeding programme, it is difficult to predict the requirements in advance 
and consequently it is desirable to have an efficient, mobile and flexible system con- 
structed and managed at the minimum cost. The static pollen and insect proof glass- 
houses are inflexible and immobile, costly to erect and maintain and the periodic soil 
replacement or disinfection is often a major problem. 

Spacial isolation is still more unsatisfactory because of the uncertainty in regard to 
pollen contamination as well as the difficulties encountered in the supervision of the 
work involved, the protection of the plant material and the space required for this 
purpose. 

In the absence of a control over air requirement, temperature and humidity, the 
protection of individual flower heads with vegetable parchment, polyethylene or 
other translucent bags is undesirable. In certain climates the seed set is often negligible 
and the amount of seed obtained is usually insufficient to give an opportunity of a 
proper assessment of the results. 

This paper gives an account of some experience obtained in the construction and 
management of polyethylene covered pollen and insect proof plant breeding cages in 
the breeding of fodder beet and various members of the genus Brassica. Two cage sizes 
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were constructed, one to hold a single or pair of plants and a second capable of holding 
a family of about thirty individuals. 


SINGLE PLANT CAGES 


The framework of this cage (Figs. 1 and 3) was constructed from steel tubing com- 
plying with British Standard 1387 and with the specification 2.032 mm. thickness, 
21 mm. outside diameter and 0.957 kg. per metre. 


10cm 


IN 
(36 cm 
A 


Fig. 1. SINGLE PLANT CAGE Fi. 2. FAMILY CAGE 


The tubing was shaped with a tube bending machine and all the joints were elec- 
trically welded. The power consumption was 1 kWh and the welding rod requirement 
was 1.5 m. The labour content was 5.5 man-hours of unskilled and 0.5 man-hours of 
skilled labour. 

The polyethylene used was about as transparent and translucent as glass and it was 
specially treated, during manufacture, to resist deterioration under the influences of 
high temperatures and ultra violet light. It had a thickness of 0.127 mm. and yielded 
8.6 m? per kg. The covers for this cage were obtained in the form of layflat tubing 
274 cm. in circumference and the polyethylene requirement was 6 m?°. The cover was 
cut to length and sealed with a straight line heat sealer. 

The insect proof cages were ventilated by fixing a 60 x 30 cm. inlet of 5 x 5 per 
em? mesh of polyvinylidene chloride fly screen near ground level and a 45 Xx 30 cm. 
outlet doorway with rust proof press stud fasteners 2 cm. in diameter, fixed at 15 cm. 
centres in one gable end. The outlet doorway provided an entry for the exterior polli- 
nation of the flowers and plant management. 

It took one skilled and one unskilled man-hour to make a cover. 

The covers for the wind-pollinated cages were provided with exhaust filters com- 


71 


J.P. DUNNE 


posed of 15 x 15 x 10 cm. wooden frames enclosing a 5 cm. insert of fibreglass pad 
capable of excluding particles greater than 15 microns in size. This fibreglass pad was 
retained against the inner surround by strips of expanded metal on each side as well 
as by a seating of tacky rubber compound. The filter was attached to the polyethylene 
by thin strips of wood which were retained by light nails. The making and fitting of the 
exhaust filter required one unskilled and one skilled man-hour. 


FAMILY CAGE 


It was deemed desirable to construct a cage (Figs. 2 and 4) capable of holding a 
family of about thirty plants. The superstructural framework was constructed from 
tubing with the same specifications and standard as in the case of the single plant cage. 
The ground framework was made from steel tubing with a specification of 2.642 mm. 
thickness, 42 mm. outside diameter and 2.573 kg. per metre. 

The power consumption was 13 kWh and the welding rod requirement was 24 m. 
The labour content was fourteen man-hours of unskilled and eight man-hours of 
skilled labour. 

The polyethylene used for the construction of the covers was of the same quality as 
that used for the single plant cages. It was 366 cm. in width and the requirement for 
each cover was 49 m?. Each cover was fitted and heat sealed in situ using a heat sealing 
iron in conjunction with polytetraflourethylene and silicone barrier tapes. The venti- 
lation of the insect proof cages was controlled with 96 x 68 cm. gable end outlets of 
fly screen and polyethylene covers adjustable externally by means of press studs 
fasteners. The door was composed of flyscreen, 167 x 66 cm. with a border of poly- 
ethylene in which the press stud caps were inserted to correspond with the holders 
fixed at 15 cm. centres around the doorway. The air entry was controlled with an 
adjustable door of polyethylene fixed between the doorway margin and flyscreen. The 
labour content was 8 hours of unskilled and 9 hours of skilled labour. 

The covers for the wind-pollinated cages were provided at the gable end, with a 
60 x 40 x 5 cm. replaceable fibreglass exhaust air filter with an initial W.G. resist- 
ance of 5 mm. at 680 m?h. The framework for retaining the air filter unit was made 
from solid polyethylene 3 mm. in thickness which was heat sealed to the cover. It 
was necessary to protect the fibreglass from rain by a louvre arrangement of light 
metal shields. The weight of the filter unit was supported by clips attached to the main 
framework. The labour content was similar to that involved in the making of the 
insect-pollinated cage. 


LAYOUT FOR WIND-POLLINATED PLANTS 


The cages for the wind-pollinated plants were ventilated with a beet pollen free air 
supply provided by means of an axial flow electric fan with the specification, 48 cm. in 
diameter, 22° blade pitch angle, 1,400 r.p.m., 650 W. power rating, 74 db. noise rating, 
76 % total efficiency, 5,950 m?h output and a S.W.G. resistance of 25 mm. 

The air was filtered by means of a 120 x 120 cm. double filter and it was considered 
necessary to exclude particles greater than 15 microns in size in order to obtain air free 
from beet pollen. The first part consisted of a bank of four 60 x 60 x 6 cm. brush 
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filter units capable of handling a total air volume of 6,800 m?h with a clean efficiency 
of 99 % for dry particles down to 55 microns and a W.G. resistance of 6 mm. This type 
of filter is included for the extraction of dust particles mainly and each unit is com- 
posed of a number of removable hair brushes which are easily cleaned in a detergent 
solution. These filters are protected from rain by a louvre arrangement of light metal 
shields. The second part consisted of two 120 x 60 x 5 cm. replacement type filtering 
units with a clean resistance of 4.5 mm. S.W.G. and an efficiency of 95 % for dry 
particles less than 12 microns in size. This filter is included for the extraction of beet 
pollen. 

The filtered air was conducted underground (Figs. 5 and 6) through four concrete 
ducts and each single plant cage obtained its air supply from a vertical clay pipe 7.5cm. 
in diameter, standing 30 cm. above and 30 cm. below ground level. The air was again 
filtered on entering each cage by means of a replaceable disc-type cotton wool milk 
filter which was attached to the air inlet pipe with a rubber band and protected from 
moisture saturation by a cone-shaped zinc cap‚ 18 cm. in diameter and 9 cm. in height. 
This inlet filter also prevented pollen from entering the underground ducts during the 
rest period. This system provides a complete air change over a period of two minutes. 
and the air requirements are 24 m?h and 675 m?h per Single and Family cage 
respectively. 

The weight of the filter attached to the Single Plant cage cover is supported by two 
clips clasped to one of the supporting arms. The repose angle of the filter impedes the 
entry of rain and the consequent wetting of the filter pad. The supporting arms are se- 
cured by adjustable clamps which facilitate the positioning and removal of the covers. 

The Family cage was ventilated by placing it in position over a number of air inlets 
which provide the requisite amount of air. 


MANAGEMENT 


The watering of the pollen proof cages is carried out by means of a trickle irrigation 
harness consisting of one rubber line and two nozzles carried underground from a sur- 
face main to each plant. An infestation of aphids may be controlled by the incorpora- 
tion of a systemic insecticide by means of a dilutor head attached to the watering 
system. The surface of the ground is covered with discarded jute sacking in order to 
conserve moisture and inhibit weed growth. 

The initial air resistance of each 120 x 60 em. filtering unit is doubled when it accu- 
mulates 1,200 gr. of material and it is recommended that the filter should be replaced. 
at this stage. The normal lifetime for this type of filter is three months. 

The insect-proof cages are watered from the exterior through the doorways in the 
ordinary way. The cages are placed in position so that at least 15 cm. of polyethylene is 
underground and it is necessary to protect this material from injury by sharp objects 
during this operation. 

The electric fan used for supplying the air to the pollen-proof cages is operated by a 
time switch. 

Torn plastic covers were repaired in situ with the heat sealing iron and barrier tape. 

The plants in the insect proof cages were pollinated by hand and precautions were 
taken to avoid pollen contamination by the workers. 
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At the end of the season the covers are washed, removed from the framework and 
stored. The repair of damaged covers is carried out during the winter. 


DISCUSSION 


There was a reasonable set of seed in the pollen-proof cages but the results from the 
insect-proof cages were variable. A very good seed set was obtained on the Brassica 
napus varieties but the Brassica oleracea types gave a lower yield of seed per plant. 
This was due to secondary growth, infection by Mycosphaerella brassicicola and in- 
adequate pollination. The seed set obtained from the rest of the Brassica species was 
quite satisfactory. 

It does not seem necessary, in normal climatic conditions, to re-inforce the poly- 
ethylene used in the construction of the Single Plant cages but it would appear desir- 
able to give additional protection to the covers of the Family cages. This may be done 
by attaching the covers to the framework with light polyethylene-covered wire and 
fixed so that the long wire runs appear on the outside of the cover. As a precaution 
against chaffing, the cover may be strengthened at these points with polyethylene 
strips re-inforced with fibreglass or terylene mesh. Metal eyelets may then be inserted 
at the points of wire penetration and this greatly facilitates the fixing and removal of 
the cover as well as protecting it against damage. 


SAMENVATTING 


Isolatiekooien voor kruisbevruchters 


Schrijver deelt zijn ervaringen mede betreffende verplaatsbare plastic kooien, die 
hij gebruikt bij de isolatie van kruisbevruchters. 
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Fig. 5. A PLAN OF THE AIR FILTERING SYSTEM 


FIG. 6. THE FILTERED AIR IS CONDUCTED UNDERGROUND TO VERTICAL CLAY PIPES 
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ABSTRACT 


1. Resistance to Apple Mildew (Podosphaera leucotricha) is shown to be inherited 
quantitatively and apple varieties vary in the resistance contribution which they pass 
on to their progeny. 

2. The mean relative resistance values of progenies of given varieties correspond 
closely irrespective of whether they are the result of selfing or outcrossing. 

3. It is shown that resistance in progenies is correlated with the resistance reactions 
of the parents. 

4, A statistical analysis of the data, using methods applicable to an incomplete 
diallel cross, has enabled the contribution of each parent to resistance to mildew of its 
progenies to be calculated. Of the cultivated varieties, Beauty of Bath and Lord 
Lambourne gave the highest contributions and Merton Russet and Late Orange the 
lowest. This method of analysis allows the estimation of the mean resistance of the 
progenies of varietal crosses in the absence of complete observational records. 


INTRODUCTION 


Attacks of Apple Mildew (Podosphaera leucotricha) have been increasing in severity 
in recent years and in some areas have become serious. GOLMICK (1) concluded that, 
grown under conditions favourable for natural infection, none of the varieties he 
examined was immune from attack by the disease. Many widely grown varieties, Cox’s 
Orange Pippin in particular, are very susceptible to mildew, but there are some 
varieties which show a high degree of resistance. There is no information available on 
the inheritance of resistance in progenies of cultivated varieties. 

A study has therefore been made of the degree of resistance to mildew among a large 
number of apple seedlings derived from controlled crosses. Natural infection was 
very severe on the young trees and it was clear that not only were there differences in 
the degree of infection between seedlings but also between families of seedlings. The 
information presented here is intended as a guide to the planning of hybridisations for 
the development of varieties having greater mildew resistance. 


MATERIAL AND METHODS 


Most of the seedlings studied were derived from crosses between diploid varieties. 
A few seedlings selected from earlier crosses were also used as parents, including Nos. 
855, 856, 911 and 925, which are Cox’s Orange Pippin X Sturmer Pippin seedlings. 
Four tetraploid seedlings of Swedish origin, A.T.16/36 (Belle de Boskoop Xx Filippa), 
BT.37/60 (Belle de Boskoop open pollinated), BT.38/60 (Reinette du Canada open 
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pollinated) and T.269/36 (Mère de Ménage x Transparent de Croncels) were used as 
well as the crab apple Kola (Malus ioensis X Duchess of Oldenburg). 

One tree of each seedling was propagated on M. II stock prior to field planting at 
6 ft. 8 ins. between the trees and 10 ft. between the rows. The age of the trees when 
recorded varied from two to ten years but there was no evidence that age of seedling 
had any effect on susceptibility to the disease. The trees were not sprayed with fungi- 
cide and the disease was so severe and prevalent that it was impossible for any tree to 
have escaped the chance of infection. 

The degree of infection was estimated visually using four categories: 0, no infection; 
1, slight infection; 2, moderate infection and 3, severe infection. (For the purposes of 
statistical analysis which is discussed later these four classes are given in the tables as 
2.6, 1.9, 1 and 0 respectively). Many of the trees in class 3 were so badly attacked that 
growth was severely stunted and in some cases the trees were killed. 

Many of the trees have been recorded for four consecutive years 1953-1956; some 
have been recorded for three, two or only one year, but as the results from one year to 
another are very consistent all results have been used in compiling the tables. Trees 
which were severely attacked in the first year were severely attacked in each succeeding 
year. Occasionally a tree which was free from infection in one year developed very 
slight infection in another year and vice versa. The infection class in which a seedling 
was placed is based on the highest category of infection which was observed. 


RESULTS 


Data are available from 3,339 seedlings representing 64 families derived from 31 
varieties. The records in the form of a percentage frequency distribution among four 
classes of infection are given in Tables 1 and 2. 


TABLE 1. MILDEW RESISTANCE OF OUTBRED PROGENIES 


N Per cent with mildew Mean 
o. of E 5 
Parentage Seedlines resistance score of resistance 
2.6 19) 1.0 0 score 
Cox’s Orange Pippin Xx No.856 .... 24 0 (0) 0 100 0.000 
5, 7 RENE Shi fe ve 6 0 0 0 100 0.000 
e 2 SRE NL ae 200 0 0 1 99 0.015 
Bowden’s Seedling Xx Cox’s Orange Pippin 20 0) (0) 5 95 0.050 
Bate Orange ASUnsc 20 (0) 0 5 95 0.050 
Cox’s Orange Pippin X Sunset. .... 32 0 3 0 97 0.059 
EA 54 > __X White Transparent 66 0) 2 3 95 0.059 
Sunset X- Nos 28 0 0 14 86 0.143 
Cox’s Orange Pippin Xx Late Orange .. 64 0 2) 12 86 0.155 
Sr EN … _X Merton Russet . 32 0) (0) 16 84 0.156 
Early Crimson x Merton Prolific. . . . 27 0) 0) 19 81 0.185 
Cox’s Orange Pippin x T. 269/38 ... 35 0 3 14 83 0.197 
ze Be vos HEB 38/60 at, % 80 0 4 17 79 0.246 
Merton Russet x Merton Worcester . . 15 0 0) 2 18 0.267 
Irish Peach x White Transparent. . . . 11 0 0 247 73 0.273 
Cox’s Orange Pippin x Crawley Beauty . | 245 0 0 33 67 0.334 
Merton Worcester x T. 269/38. . . .. 37 0 0) 38 62Nälk 0,378 
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TABLE Í. (CONTINUED) 
Ee ne df rn cd a IT ain eid a ar an 


NGE Per cent with mildew Mean 
Parentage / i i 

g seedlings resistance score of resistance 
2.6 1,9 1.0 0) score 
MertontProlific <MEB=38/60le Am 195 0 10 32 58 0.508 
Exquisite x White Transparent ..... 11 0 9 36 55 0.536 
Early Crimson x Merton Worcester . . 38 0) 13 29 58 0.539 
Cox’s Orange Pippin x Merton Prolific 70 0 14 2 59 0.543 
Merton\Prolifie al 269/38P ned 69 0 16 27 57 0.578 
EMEAGIR OTB 37 60E BE 85 (0) 18 25 57 0.582 
INDRSSIM SIN NS IOR en Ate ne 30 (0) 10 40 50 0.590 
Cox’s Orange Pippin x AT. 16/36 ... 46 0 9 43 48 0.600 
Merton Worcester x TB. 38/60 .... 11 0 0 64 36 0.636 
Ean CHmsons MIB-s37 60 Een ene 7 (0) 29 14 377 0.686 
Cox’s Orange Pippin Xx Merton Worcester 9%6 l 13 42 44 0.701 
Merton Worcester x White Transparent . 12 0) 18 36 46 0.704 
Cox’s Orange Pippin x James Grieve . . 29 0) 14 45 41 0.710 
BeautwofsBath A Bpicute rn 6 (0) 33 107, 50 0.800 
Cox’s Orange Pippin Xx No.855 .... 181 0) 9 65 26 0.830 
BaEssCHmson WW EDICUTe de aop a 21 0 9 67 24 0.848 
IMErton: Prolife NO A8I er ee 103 0 15 5 28 0.849 
Merton Worcester x Medaille d'Or. . . 13 0 Sil 31 38 0.892 
Bramleys Seedling x AT. 16/36 .... 43 0 35 28 37 0.942 
Cox’s Orange Pippin x Dabinett. . . . 58 0 22 BĲ 22 0.977 
Annie Elizabeth x Charles Ross .. . . 56 0 36 39 25 1.071 
Merton Prolific x Merton Worcester . . 119 2 36 37 25 1.100 
BSS CORR 0 BS manne En a 19 0 31 53 16 1.126 
Beauty of, Bath Irish Peach „7. 5 0 40 40 20 1.160 
Exquisite PAT NIG SONNET DUALE Ree 40 (0) 32 55 12 1.167 
Dabinett X Northern Spy … …. … «… 1,155 0 39 46 15 1.193 
lBordsbamboumes ANor92 5e 11 0 45 36 18 152257 
Beauty of Bath x White Transparent . . 83 2 35 51 12 1.232 
5e PE 0 EarlbviCHMSON: eam 30 0 33 60 gj 1.233 
5 PEN Merton WOrcestermre. 20 0 40 50 10 1.260 
Merton Worcester x TB. 37/60 . ... 8 0 62 25 12 1.437 
Lord Lambourne Xx AT. 16/36... .. 92 0 67 23 11 1.508 
95 ES SEND SSS veen a LANE 59 6 72 19 3 1.716 
SOI MIB 37 CODEREN pane ar a 44 9 70 20 0 1.779 


Key to classes 2.6 — resistant: 1.9 = slightly susceptible: 1.0 — moderately susceptible: 0 — very 
susceptible 


The progeny records in Table 1 indicate that certain parents, e.g. Cox's Orange 
Pippin, regularly yielded progeny the majority of which were highly susceptible, while 
others, e.g. Lord Lambourne, consistently gave a high proportion of resistant seedlings 
for all combinations. When the F, seedlings (Table 1) are compared with the progenies 
derived from self fertilisation (Table 2) it is seen that those parents with a preponder- 
ance of resistant or susceptible seedlings in their inbred progeny gave comparable 
results when outbred. The frequency distributions indicate that the genetic basis of 
mildew resistance is quantitative. 

In order to assess the contribution of each parent to the degree of mildew resistance 
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TABLE 2. MILDEW RESISTANCE OF INBRED PROGENIES 


N Per cent with mildew 

En o. of 2 

Varieties selfed seedlings resistance score of Mean 

2.6 1.9 1.0 0 

Sansetimn CoA Vk NOR (0) 3 0 (0) 0 100 0.000 
Cox’s Orange Pippin . . . . (O0) 33 (0) 0 9 91 0.091 
MertonlProlific Mee (0) 19 (0) 5 16 79 0.258 
ATENLOIBO vote AE era (2) 74 0 8 40 51 0.559 
BLS 60 tn De Nee (2) 32 3 12 28 56 0.600 
BINSS 60 AE: (2) 93 1 13 36 49 0.639 
CrawlevaBeautvam nnn: (4) 54 0 17 42 41 0.743 
Merton Worcester .. . . . (4) 14 0) 14 50 36 0.771 
Northern py (3) 23 (0) 26 48 26 0.974 
CordiBamboumensn (3.5) 31 0) 45 45 10 1.281 
Dabmnett. a eer (3) 71 (0) 62 25 13 1.445 
Annie Elizabeth nn (ARS) 20 (0) 55 40 5 1.459 
NoASSS gl NN EE (0) 32 6 69 22 3 MRE G 817 


The figure in brackets is the resistance rating of the parent variety. 


in its progeny a statistical analysis* of the data was made using methods applicable to 
an incomplete diallel cross which enabled the contribution of each parent to the 
resistance to mildew of its progenies to be calculated. As a means of emphasising 
differences between and within families, a discriminant function of resistance values 
was calculated to replace the susceptibility score classes, O, 1, 2 and 3, which for pur- 
poses of analysis became 2.6, 1.9, 1 and 0 respectively. The contributions of varieties to 
main effects are apparent from Tables 3 and 3a. 


TABLE 3. ESTIMATED AVERAGE RESISTANCE CONTRIBUTION ( MAIN EFFECTS) OF PARENT VARIETIES USED 
EXTENSIVELY IN THE BREEDING PROGRAMME 


Beauty of Bath. . . . (3.5) 1.04 InishtPeach tan (0.5) 0.16 
Lord Lambourne. . . (3.5) 0.95 INNO SONS A (1.5) 0.15 
NOF SITE an (0) 0.71 White Transparent. . . (1.5) 0.10 
Exquisite nemen (3) 0.71 Cox’s Orange Pippin. . (0) 0.09 
Merton Worcester . . (4) 0.57 EarlysCrmsonmnn (255) 0.09 
Epicureme ern (2) 0.54 OS UASOHE nn Lo eere ee a (O)) 0.05 
A6 SON (2) 0.39 Bate Orange nme (255) 0.05 
Merton Prolific. . . . (O0) 0.31 MertonsRusset … … … =(0) —0.05 
BĲ GO ee (2) 0.28 MENO ZOUT SEN (0) —0.05 
BNS S OO ONM De (2) 0.26 | SON (0) —0.10 
1269 S SMN (2) 0.20 


The average standard error of the difference of the main effects of two varieties is 0.259. 
The figure in brackets is the resistance rating of the parent variety. 


The main effects (variance ratio 58.09) of the parents are highly significant, indi- 
cating that the effects of parents in conferring susceptibility or resistance were highly 
uniform throughout a number of combinations. Significant interactions also occur 
(variance ratio 6.08) but these are of a much lower order than the main effects; for the 
purposes of planning future hybridisations these can be neglected. 

* For the statistical analysis of all the data 1 am greatly indebted to Mr. N. E. GILBERT. 
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TABLE 3a. PRELIMINARY ESTIMATES OF AVERAGE RESISTANCE CONTRIBUTION (— MAIN EFFECTS) OF 
10 PARENT VARIETIES DERIVED FROM A SMALL NUMBER OF CROSSES 


KOl eren reet ane (5) 1.49 Northermispyasnnn (3) 0.42 
DD abinetten. ret (3) 0.79 ee CharlesiRoss manen (0) 0.35 
Annie Elizabeth .. . (1.5) 0.72 Medaille OL (55) 0.32 
James Grieve . . . . (25) 0.62 | Crawley Beauty .. . (4) 0.27 
Bramley's Seedling . . (3) 0.55 | _Bowden’s Seedling . . (0) —0.04 


The figure in brackets is the resistance rating of the parent variety. 


The figures given in Tables 3 and 3a are the estimated contributions of the parents 
to the average mildew resistance score based on the four classes 2.6 (resistant), 1.9, 1, 
0, (susceptible), of the individual progenies given in Tables 1 and 2. The sum of the 
main effects of any two varieties gives the estimated average score of their progeny. 
Of the parents which have been used in several different crosses, Beauty of Bath, Lord 
Lambourne, No. 855 and Exquisite confer the greatest mildew resistance on the 
progeny. Although the cross itself was not studied, it can be predicted from Table 3 
that progenies of Lord Lambourne x Beauty of Bath would yield a high proportion of 
highly resistant progeny. At the other extreme, Merton Russet, Nos. 911, 925 and 956 
(all seedlings from Cox's Orange Pippin) and Cox’s Orange Pippin itself transmitted 
little or no resistance to the disease. 

The main effects given separately in Table 3a have been calculated from very few 
crosses and therefore are not considered to be very reliable. The indications are however, 
that Kola, James Grieve, Dabinett and Annie Elizabeth are promising parents for use 
in breeding for mildew resistance. On the basis of the present results most of the 
progeny of the cross Kola x Beauty of Bath would be almost completely resistant. 
Much of the high mildew resistance contribution of Kola must be derived from Malus 
ioensis which GOLMICK classifies as highly resistant. 

The relative influence of the parents on the progeny performance can be best seen 
where two varieties with different potence for mildew resistance have been crossed 
with a common series of varieties. A group of such varieties crossed with Cox’s Orange 
Pippin and Merton Worcester as common parents are set out in Table 4. 


TABLE 4. COMPARISON OF PROGENIES OF COX’S ORANGE PIPPIN AND MERTON WORCESTER WHEN INTER- 
CROSSED TO A COMMON SERIES OF PARENTS 


Cox’s Orange Pippin Merton Worcester 

vig Percentage with mildew Percentage with mildew 
resistance score of Mean resistance score of Mean 

2.6 1.9 1.0 0 2.6 159 1.0 0 
Xx Cox’s Orange Pippin 0 0 9 91 0.091 1 13 42 44 | 0.701 
x White Transparent 0 2 3 95 0.059 0) 18 36 46 | 0.704 
xX Merton Russet . . . 0) (0) 16 84 0.156 0 0 27 73 OF267 
2603 SE 0 3 14 83 0.197 0 0 38 62 | 0.378 
RB ISS COM REE 0 4 17 79 0.246 0 0 64 36 | 0.636 
xX Merton Prolific. . . 0 14 Di 59 0.543 7) 36 37 25 1.100 
x Merton Worcester 1 13 42 44 0.701 0 14 50 SOK O 7 
Mean. . .| 0.14 5.14 18.28 76.43 | 0.285 | 0.43 11.57 42.0 46.0 | 0.651 
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In all eomparisons the crosses involving Cox’s Orange Pippin yielded progeny which 
were more susceptible to the disease while Merton Worcester segregates were more 
resistant. It is interesting to compare here also the difference between the inbred 
progeny of these varieties and to note that their reaction was similar to that of their 
outbred progeny. 

In all breeding experiments the possibility of reciprocal differences between pairs of 
varieties has always to be borne in mind. Recently HARLAND and KING (2) have 
suggested that mildew resistance in the strawberry has a cytoplasmic element in its 
inheritance as shown by reciprocal differences in crosses. SCHANDER (3) studying apple 
mildew presents data from reciprocal crosses most of which show no differences in the 
percentage of susceptible seedlings. Some, however, do show reciprocal differences 
and in these the higher percentage of susceptible seedlings is from the crosses where 
the more susceptible variety is the maternal parent. In order to test the possibility of 
reciprocal differences in the present material a series of three combinations was made 
and the results are set out in Table 5. 


TABLE 5. MILDEW RESISTANCE OF PROGENY FROM RECIPROCAL CROSSES 


NG. óf Percentage with mildew 
han dlin 8 resistance score of Mean 

Se Gd 1 0 
INOrtbeEw Spr DADC 37 0 35 54 11 1.205 
DabmnetteNOrtherniSD vans 118 0 40 43 17 1.190 
Merton.Prolific 4e lB.38/60 te et. ea 112 0 10 3/1 53 0.560 
TB53S9/605aMertonsBrolific sn en RSS 0 10 25 65 0.340 
Cox's Orange x Merton Pippin .. . .. 88 0 2 716 22 0.798 
Merton Pippin x Cox’s Orange .. ... 35 0 8 66 26 0.812 


As far as the present material is concerned such reciprocal differences do not seem 
to occur. 

In order to assess the mildew resistance of the parents, seedlings were framework 
grafted with the parental varieties and the mildew resistance recorded on the scale 0, 
extremely susceptible, to 5 resistant. Twelve year old trees in an adjoining variety 
collection were also recorded and the mean resistance rating from these two records is 
given after the variety name in Tables 2, 3 and 3a. There is a definite correlation (r — 
+ 0.63 in Table 3 and + 0.69 in 3a) between the resistance contribution of the variety 
to its progeny and the resistance of the variety. A few varieties behave exceptionally, 
notably No. 855 which has a fairly high resistance contribution yet itself is extremely 
susceptible. 


CONCLUSIONS 


From the results obtained from this survey it is clear that resistance to apple mildew 
is inherited quantitatively and the influence of the parents on the performance of the 
progeny is very marked. The results from selfed families give a good estimate of the 
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resistance contributions of varieties as can be seen by comparing the results of selfed 
families in Table 2 with the calculated main effects in Tables 3 and 3a, see Table 6. 


TABLE 6. INBRED PROGENIES — COMPARISON OF ACTUAL WITH THE CALCULATED MEAN RESISTANCE 


Varieties Actual mean resistance Caiculated mean resistance 
SUASCE MEAN MAN NOTEERDE 0.00 (3) 0.10 
Sos OranceBippine Se BAE 0.09 (33) 0.18 
Merton IPEOl GG Meen 0.26 (19) 0.62 
FADIG 3 Ober ee Ee 0.56 (74) 0.78 
BS GONE 0 DORE: Tr 0.60 (32) 0.56 
BSS GO ER Inlet 0.64 (93) 0.52 
CER UOTIGEN IN TE Re 0.74 (54) 0.54 
Mignon ae de Se 0.77 (14) 1.14 
INOEHern SS Dyan Men LE 0.97 (23) | 0.84 
bord Lambourner mits nitie 8 1.28 (31) 1.90 
abies als wle A Pee 1.44 (71) 1.58 
JNCEENEN ENZ of ne een oen EE 1.46 (20) 1.44 
MIE ONBID PEEN eene 1.69 (32) 1.42 


The calculated mean is the figure for the main effects multiplied by 2 to allow for the male and female 
contributions in the selfed progeny. 
The figures in brackets show the number of seedlings in the inbred family. 


Because of self incompatibility it is not always easy to obtain selfed seed of some 
varieties, but in most cases if selfing is done on a sufficiently large scale, a test for 
mildew resistance among progenies is possible. There is, however, evidence that the 
resistance to the disease of the parent variety is a sufficient guide to its resistance con- 
tribution and that direct assessment of mildew resistance among varieties will provide 
a sufficiently reliable guide to their breeding behaviour. 


SAMENVATTING 


De erfelijkheid van meeldauwresistentie bij appels 


Resistentie tegen meeldauw erft kwantitatief over; de invloed van ouders op de 
resistentie der nakomelingschappen is uiteenlopend. 

De gemiddelde relatieve resistentiewaarden van de nakomelingschappen van bepaal- 
de rassen vertonen grote overeenkomst, onverschillig of deze het resultaat van zelf be- 
vruchting of van kruising zijn. 

Aangetoond werd dat de resistentie van de nakomelingschappen correlatie vertoont 
met de resistentie van de ouders. 

Een statistische bewerking van de gegevens, waarbij de methoden van een onvolle- 
dige diallele kruising werden toegepast, maakte het mogelijk de invloed van elk der 
ouders op de meeldauwresistentie van de nakomelingschap te berekenen. 

De appelrassen Beauty of Bath en Lord Lambourne brachten de resistentie in de 
hoogste mate op hun nakomelingschap over, Merton Russet en Late Orange in de 
geringste mate. 

Deze methode van bewerking biedt de mogelijkheid de gemiddelde resistentie van 
de kruisingsnakomelingschappen te schatten indien volledige waarnemingen ont- 
breken. 
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ÄBSTRACT 


A method is described for the use of plastic tubes in stead of common pots for 
raising seedlings in beet breeding work. 

The tubes have the advantage in that they are light, take little space and give roots 
with a better shape, resulting in less tare at the harvest. Part of the preliminary work 
can be done in winter. A disadvantage is that plastic does not decay in the soil and may 
cause inconvenience when a succeeding crop is grown. The yield of beets planted in 
tubes is equal to that obtained with normal culture in the open. The cost of about 
l Dutch cent per tube need not be an objection to using it in field trial work. The tubes 
can be also used to good advantage with other crops in glasshouses. 


1. INTRODUCTION 


At the S.V.P. some tens of thousands of seedlings are raised in pots every year and 
later transplanted in the field. Of some seed lots there is sometimes too little seed 
available or the germination capacity is so low that they cannot be sown directly in the 
field. Therefore the seed is sown in flats and the seedlings are later transferred into 
pots. Within some weeks the hardened seedlings can be planted in the field. 

In using this method a trial field can be laid out even when little seed is available. 
This is impossible normally because then eight to ten times as much seed should be 
available to obtain a normal stand after thinning. 

From our trials it has appeared that with the old transplantation method normal 
yields can be obtained, but the form of the beets is often bad when lifted and in parti- 
cular sugar beets grow very fangy. The main cause lies in the method of pricking off; 
the tap root of the beet has become rather long then and the seedling is planted in a 
pot of 7 cm depth. The main root of a beet grows fairly rapidly and after some weeks 
it is found rolled up at the bottom of the pot. Of course it is possible to use larger and 
deeper pots but these are very heavy and take much space and soil. Long tubes, for 
example drain tubes, are also heavy and difficult to knock out. Long narrow soil 
blocks are inconvenient and often disintegrate. 

PorÁk (2) describes a method whereby seedlings are raised in 20 cm long bottomless 
paper tubes and later planted in the field with the tubes attached to them. In using 
this method the chance of a slow start as a result of unfavourable weather in early 
spring is avoided and higher yields are obtained. However, he does not describe the 
kind of paper he uses and in our own experiments all kinds of paper used appeared to 
be unsuitable. They decomposed so rapidly that the tubes could not be handled during 
planting. 

FRoST (1) used pots of specially prepared paper in raising lettuce seedlings and 
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obtained good results. It is true that when the seedlings were planted after six to seven 
weeks the pots are partly decomposed, but this caused no difficulties here since the pots 
were only 2 in. deep. However, when deeper pots are used, they cannot be removed 
from the boxes without injury, according to our experience. 


2. A NEW METHOD 


After failing to adapt these methods we have devised a new method, viz. by using 
polyethylene tubes of 10 cm in circumference (@ 3 cm) and 0.05 mm thickness. 
Pieces of 20 cm length were cut off and these were closed-on one side with two staples. 
These tubes were filled with pot soil in which the seedlings can be pricked out or sown 
directly. The main root can now reach a length of 20 cm. without being disturbed so 
that a less fangy beet is obtained. With a narrow drill, holes 21 em. deep are dug out 
in the field into which the tubes are planted. Prior to planting they are cut open length- 
wise, resulting in a better contact with the surrounding soil and consequently a better 
provision of water for the roots. The tap-roots can penetrate the bottom of the tubes 
through the aperture between the staples and so provide the seedlings with water and 
nutritive salts. 

Plastic tubes are light and take much less space than baked pots so that more plants 
can be placed in a frame. Filling of the tubes with soil can be done in winter; they can 
be put aside in boxes (Fig. 1). Sowing or transplanting can be carried out very rapidly 
when the tubes are put in numbered boxes and for each seed lot a separate box is 
provided. Planting also proceeds very speedily: there is little transportation work and 
there is no need of collecting empty pots as is required when ordinary planting pots 
are used (figures 2, 3 and 4). A disadvantage is that this plastic is impermeable to 
water. Therefore cuts must be made lengthwise in the tubes during planting or the 
tubes must be perforated before filling them with soil. Plastic is not corroded by soil 
and this may be an inconvenience for the succeeding crop. 


There is only little experience with the use of plastic tubes in other crops. In the case 
of beets the advantage is that on account of the secondary growth of the beet the tubes 
are rent to pieces, resulting in a good contact of the roots with the surrounding soil. 
Sun flowers appeared to thrive in them and allowed transplantation easily. In glass- 
house trials also the tubes can be used to good advantage, particularly when young 
plants are being handled. The tubes take less space than pots, which is a great ad- 
vantage when artificial light must be used because then more plants can be placed 
under each lamp. 


The price per kg. artificial tube is 9.60 guilders. From this amount some 1,000 tubes 
can be made, requiring 2,000 staples costing 50 cents, so that the total cost of one tube 
is one Dutch cent. This cannot cause an objection for application in field experiments. 


3. RESULTS 


In 1956 an experiment was carried out comparing normal sowing in the field and 
planting in plastic tubes, using the sugar beet variety K.W.E. The seeds were sown in 
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Fi. 5. MUDDY AND FANGY KWE BEETS ON HEAVY CLAY SOIL AFTER NORMAL SOWING 


Fig. 6. WELL-FORMED BEETS WITH LITTLE TARE RAISED IN THE SAME SOIL AS IN FIG. 5, AFTER 
PLANTING THEM IN PLASTIC TUBES 
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USE OF PLASTIC TUBES IN RAISING BEET SEEDLINGS 


heavy river clay on 12 April and in plastic tubes in a cold glasshouse on 13 April. On 
this date also seeds were sown in a flat and the resulting seedlings pricked out in 
plastic tubes on 28 April. The tubes were planted in the field on 4 May. On account of 
the cold and dry wheather growth started with some difficulty, but after some time 
the plants developed successfully. The stand during the summer was on average some- 
what better than that of the beets which were sown directly in the field. The beets were 
lifted on 16 October and the yield was determined. On this heavy clay soil there was a 
conspicuous difference in tare in favour of the beets planted (figures 5 and 6). Three 
replications of 84 beets each were lifted and the relative sugar production of the plants 
sown in the field, the plants directly sown in plastic tubes and those which were first 
sown in flats and later transplanted into plastic tubes were 100, 118 and 98, respec- 
tively. In particular the beets which were directly sown in tubes had an extremely good 
form. The transplanted beets were somewhat fangy and the yield also was somewhat 
lower than that of those sown in the field. 

In 1956 the yield of beets raised in pots was compared with that of beets raised in 
plastic tubes on a trial field laid out on humous sandy soil. The experiment was set 
up in triplicate and the relative sugar production was 100 and 102 respectively. On 
this moist-soil the plants rooted better than on the clay soil and there was at first no 
retardation of growth. 

In 1957 some 12,000 plastic tubes were used for raising reserve beets for the trial 
field. The plants developed excellently, of this reserve material no yields were deter- 
mined. Part of the tubes had been field up with vermiculite. This can be quite con- 
veniently used and a box of filled tubes is easily managed due to its small weight. 
However, the plants in vermiculite had a slower development than those in pot soil, 
in spite of a regular food supply. There was no difference between desen with a 
pH 9 and one of pH 6.2. 

In 1958 one of the virus yellows trial fields on sandy soil was laid out with the aid 
of some 18,000 plastic tubes. Planting proceeded much smoother than when pots were 
used and the beets showed an excellent development. The yields were practically 
equal to those of the normally sown beets on the same field. The average yield of the 
seven plots sown with K.W.E. was 62.6 tons of beets per ha. with a sugar content of 
14.55 %, and that of the five planted plots 61.7 tons per ha. with a sugar content 
of 14.48 9%. 

In the case of the variety Hilleshög Standard these figures were 51.2 tons and 15.11 % 
and 53.2 tons and 15.10% sugar, respectively. 

Skip correction is still an ardent wish of the beet breeder and the great advantage of 
these planted plots was that there were very few gaps, which facilitates the interpret- 
ation of the results. 

SAMENVATTING 


Het gebruik van polyaethyleen kunstdarm voor stekpotten 
bij veredelingsonderzoek in bieten 


Er wordt een methode beschreven om zakjes, gemaakt van polyaethyleen kunst- 
darm te gebruiken in plaats van gewone stekpotjes voor de aanleg van geplante bieten- 
proefvelden. De zakjes hebben o.a. het voordeel dat ze licht zijn, weinig plaats in- 
nemen en door de grotere lengte beter gevormde bieten geven, wat weer resulteert in 
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minder tarra bij het rooien. Een gedeelte van het voorbereidende werk kan gedurende 
de winter geschieden. Een nadeel is dat plastic niet verteert in de grond en last kan 
geven bij een volgend gewas. De opbrengst van de met zakjes gepote bieten is gelijk 
aan die verkregen met normale zaai in de volle grond. De kosten aan materiaal van 
+ l cent per zakje zijn geen bezwaar voor proefveldwerk. Ook voor kasproeven met 
andere gewassen zijn de zakjes uitstekend bruikbaar. 
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REVIEWS OF BOOKS 


De eerste tien jaren (The first ten years). Mededeling van de Stichting voor 
Plantenveredeling (S.V.P.), 20 (1958), 105 pp. 


Inspired with a firm resolution to contribute to the work of reconstruction, various 
new research institutes were founded shortly after the liberation of the Netherlands 
in 1945. 

The Foundation for Agricultural Plant Breeding (S.V.P.) should be considered as a 
realization of the idea that in plant breeding more attention had to be given to 
research in developing new varieties by private breeders. Reversely breeding work 
often involves difficulties demanding profound investigations. This has led to a close 
co-operation between science and practice. 

“The first ten years”, published in commemoration of the institution of the Foun- 
dation for Agricultural Plant Breeding on 13 September 1948, gives directions for the 
co-operation with private breeders, a survey of the results obtained and a series of 
articles by the contributors on some problems. 

The contents is as follows: 


J. C. Dorst: Introductory. 

F. E‚ NIDAM: Preface. 

G. VEENSTRA: Ten years Foundation for Agricultural Plant Breeding. 

H.J. Toxopeus: Preliminary results of the investigation on the Wageningen 
Potato Collection (W.A.C.). 

C. A. HUIJSMAN: Breeding potato varieties resistant to potato sickness. 

G. A. THIN: The building up of parent plants in potato breeding. 

H. T. WIERSEMA: Breeding for rust resistance in fibre flax. 

G. DANTUMA: Some experience in breeding wheat, barley and oat varieties for 
sandy soils. 

G. CLEIJ: Relation of symptoms, yield reduction and virus content of beets 
infested with yellows. 

D. KLOEN: Some experience with triploids in beet breeding. 

G. J. SPECKMANN: Some technical aspects in producing polyploid crops. 

EIT: The value of polyploids in breeding ryegrasses. 

G.E. vAN Dik: Testing timothy in mixtures. 

J. DIJKSTRA: Breeding red clover varieties with resistance against the stem 
eelworm (Ditylenchus dipsaci). 

H. LAMBERTS: Some aspects of turnip breeding. 


The articles have a synopsis in English. 


BREMER, G., Increase of chromosome number in species-hybrids of Saccharum 
in relation to the embryo-sac development. Reprint from Bibliographia Genetica 
18 (1959): 1-99. Martinus Nijhoff, Den Haag. Price 15 guilders. 


In 1920 it appeared to the author that hybrids between the noble sugar cane (Sac- 
charum officinarum) and the wild ““glagah” of Java (Saccharum spontaneum) showed a 
chromosome number that surpasses the sum of the haploid numbers of the parents. 
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In the years 1940-1944, staying in Holland, the author had the opportunity to 
undertake an extensive investigation of the development of the female gametophyte 
and fertilization with sugar cane. The supposed chromosome doubling in the egg-cells 
of S. officinarum could not be found. It appeared that endo-duplication may take 
place within the later stages of megasporogenesis of the Saccharum plants used as 
mothers in the crosses. 

The paper is well-illustrated. 


KNIGHT, R. L. and KEEP- ELIZABETH, Abstract Bibliography of Fruit Breeding 
and Genetics to 1955. Rubus and Ribes — A survey. Commonwealth Bureau of 
Horticulture and Plantation Crops, East Malling, Maidstone, Kent, Techn. 
Communication 25, 1958, 254 pp. Price 45 sh. (Commonwealth Agric. Bur., 
Central Sales, Farnham Royal, Nr. Slough, Bucks, England). 


This book contains 1007 abstracts. The crops covered are currants, gooseberries, 
raspberries, blackberries and hybrid berries. Papers and reports bearing on the breed- 
ing, genetics and cytology of Rubus and Ribes have been summarized in detail. In 
addition a gene list for Rubus and an index are given. 


Beide auteurs zijn werkzaam op het gebied van de veredeling van klein-fruit op het 
East Malling Research Station in Engeland. Ze hebben in dit 1007 no’s tellende lite- 
ratuuroverzicht, uitgegeven in een boekje van handig formaat, alle bekende en minder 
bekende literatuur met betrekking tot de geteelde Ribes- en Rubus-gewassen samen- 
gevat. Het betreft hier dus rode, zwarte en kruisbessen, frambozen, bramen en 
braamframbozen. 

Belangrijke artikelen over de veredeling, erfelijkheid en cytologie zijn meer uitvoerig 
gerefereerd, maar ook worden de belangrijkste rasbeschrijvingen, een enkele deter- 
minatietabel en gegevens over de gebruikswaarde en het onderzoek over ziekten, 
zoals bv, het uitgebreide virusonderzoek van HARRIS, CADMAN e.a, vrij uitvoerig 
weergegeven. Een goede index, waarin ook alle genoemde rasnamen staan vermeld, 
besluit het geheel. , 

Het is zo een bijzonder praktisch handboekje en naslagwerk geworden voor allen 
die op dit gebied werkzaam zijn. De auteurs hebben met de publikatie hiervan hun 
collega’s een grote dienst bewezen. H. G. KRONENBERG 


VorsIN, JEAN CLAUDE, Legons d'amélioration des plantes. Imp. du Gouverne- 
ment, Yaounde, Cameroun, 1958, 47 pp. 


This booklet written in clearly understandable language is destined for elementary 
agricultural schools. The author gives many examples of crops grown in Cameroons. 
Everybody interested in the field of seed and propagating material will be grateful to 
the writer for the way in which he has succeeded in giving an insight in plant breeding. 
The French language covers large areas in Africa. This attractive booklet will find its 
way far beyond Cameroons. 
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ÁBSTRACT 


Potato plants will produce tubers under any condition of growth. If normal tuber 
formation under ground is prevented, then the formation of tubers or tuberous 
swellings is effected by accumulation of assimilates in above-ground portions of the 
stem. 


INTRODUCTION 


When a potato tuber is planted the resulting plant will produce tubers only by 
enlarging the extremities of its stolons, provided that no particular growth distur- 
bances occur. These stolons are underground offshoots of the stem. Any portion of the 
stem, including the tubers themselves, can also produce adventitious roots under the 
ground. 

Stolons are often formed at the nodes low on the stem portions of potatoes grafted 
on tomato rootstocks. These stolons grow downwards, but do not develop tubers 
before they have penetrated into the soil. Apparently stolons can only produce tubers 
under ground. 

Under abnormal conditions stem portions other than the extremities of stolons can 
also enlarge to tubers. In the fields it is observed regularly that buds in the axils of the 
lowermost leaves grow into tubers, as a result of an attack by Rhizoctonia solani KÜHN 
or by injury of the stem during cultivation. 

Particularly after applying flower inducing procedures, such as grafting potato 
shoots on tomato rootstocks or raising potato plants on stones, tuber formation can 
be observed in the leaf axils and even in the flower trusses, especially towards the end 
of the growing season (THIN, 1). 

When root formation is disturbed, cuttings of potato stems sometimes produce small 
tubers on the stem portion that is covered by the soil. 

In all these cases tuber formation takes place by accumulation of assimilates in axil 
buds of ordinary or transformed leaves. 

However, tubers have never been observed to form on roots. Apparently the roots 
also lack the capacity to produce stolons. If a potato could be raised in such a way that 
only roots and no shoot tissue developed in the soil, it would be interesting to observe 
the tuber-forming behaviour of the above-ground parts of the plant would respond to 
this. Using a tuber or other portion of the stem as the starting point it would be diffi- 
cult to prevent tuber formation. However, when potato seedlings are used it should be 
feasible to raise plants that have only a root system of main and adventitious roots and 
no stem tissue in the soil. 
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EXPERIMENTS 

Potato seeds were sown in fertile soil in March. By putting the seed tray in the dark 
before emergence, seedlings were obtained with cotyledons which rose some 2 cm. 
above the ground. As soon as these seedlings started growing — which could be ascer- 
tained from the elongation of the main stem — they were carefully transplanted into 
pots of 10 cm g, taking care that they were not pricked out deeper than they had stood 
in the seed tray (consequently so deep that the cotyledons rose some 2 cm above the 
ground). Later when the experiment was repeated, the seed was sown directly into the 
pots so that transplanting was avoided. The position of the plants was such, therefore, 
that the hypocotyle axis, that is the portion under the cotyledons, entirely or for the 
greater part rose above the soil. 


OBSERVATIONS 


About 10 days after pricking them out, the plants began to show abnormal beha- 
viour, some sooner than others. They developed stolons growing downwards from the 
axils of the cotyledons, thus at the lowermost stem nodes. These stolons were removed. 

Some time later most of the plants produced stolons at upper stem nodes and some- 
times even at those of the lateral shoots. These also were removed. If this had not been 
done then the downwards growing stolons would have produced tubers as soon as 
they had penetrated into the soil and this had to be prevented. 


Sixteen of the original 17 seedlings also showed other aberrations. Some above- 
ground portions of the stem enlarged and each seedling did so in its own peculiar way. 

Most of them formed tuberous swellings in the hypocotyle axis, which sometimes 
later produced roots. Others formed heavily swollen internodes or nodes (fig. 1) and 
again others developed tubers by enlarging the extremities of the lateral shoots (fig. 3) 
or in the axils of the leaves. Some of these tubers which had each a colour peculiar for 
each plant, produced lateral tubers and often formed small leaves (fig. 2). In many 
cases combinations of the above-mentioned swellings occurred on the one plant (fig. 4). 

All the seedlings but one very clearly showed accumulation of assimilates in some 
portion of the stem and finally 16 plants adopted an entirely aberrant and very unusual 
habit. The tubers, swollen portions of the stem, apparently had not been produced in 
the ground, but above-ground. This became evident when the underground parts of 
the plants were examined in June after they total had died. The 16 aberrant plants had 
developed a very extensive root system, originating from the main root, but there was 
no tuber formation in the soil. However, the one plant which had shown no above- 
ground aberrations had produced a fairly large tuber at a stolon that unobservedly 
had grown into the soil from the lowermost node. 


DISCUSSION OF THE RESULTS 


From the experiments it is clear that a potato plant during its growth will produce 
tubers or tuberous swellings on stem portions, be it sooner or later. Normally these 
accumulations of assimilates are developed in special underground organs, but under 
particular conditions these swellings can also be produced at above-ground stem 
portions or even only there. 
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Figo. 1. SEEDLING WITH SWOLLEN INTERNODES 
AND NODES 


FIG. 2. SEEDLING WITH TUBERS IN THE AXILS OF 


THE LEAVES; ON THE TUBERS SMALL 
LEAVES ARE FORMED 


Fia. 3. 


SEEDLING WITH SWELLINGS 
OF THE STEM BASIS AND OF 
THE EXTREMITY OF A LATERAL 
SHOOT 
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FIG. 4. SEEDLINGS WITH SWELLINGS ON DIFFERENT PARTS OF THE STEM 


ABOVE-GROUND TUBER FORMATION OF POTATOES 


The colour of the above-ground parts also varied widely in the experiment; this will 
be the result of its genetical constitution. The normal production of tubers on under- 
ground stolons is only one of the many possible ways of tuber formation of the potato 
and for the plant possibly the most rational one, because the tubers in which a quan- 
tity of assimilates has been accumulated are the reproductive organs of the plant, and 
the chance of continuance of the species is greatest when the tubers are developed 
underground. Only under very particular conditions a potato plant will form its 
reproductive organs above the ground. 

It is to be expected that under normal conditions of growth normal plants can be 
produced from the above-ground tubers. This has proved to be so. From such tubers 
and also from cuttings of plants which produced such tubers, ordinary plants have 
been successfully raised. 


SAMENVATTING 


Bovengrondse knolvorming bij aardappelen 


Een aardappelplant tracht steeds knollen te vormen. Wordt de normale wijze van 
knolvorming onder de grond verhinderd, dan vindt vorming van knollen of knolach- 
tige verdikkingen plaats door ophoping van assimilaten in bovengrondse stengeldelen. 
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FAREWELL OF MR. H. VAN DER WAL, MANAGER OF THE PLANT BREEDING STATION OF THE FRIESIAN 
AGRICULTURAL SOCIETY 


On 20 March 1959 there was a farewell-reception at Leeuwarden, to honour MR. H. VAN DER WAL, 
Manager of the Plant Breeding Station of the Friesian Agricultural Society at Engelum. 

The appreciatian for his work and person was voiced in speeches made by some of the attendants. 
Among them was Pror. DR. J. C. DorsT, who, as an Advisory Officer of the Friesian Agricultural 
Society for many years closely co-operated with MR. VAN DER WAL. 


H. van der Wal 


The numerous visitors of the Plant Breeding Station will no doubt preserve a vivid memory of his 
devoted and careful attention given to the management of the trial fields. 
With us they will wish MR. VAN DER WAL many happy years to come. 


NEWS ITEMS 


On 1 January 1959, Ir. H. H. SCHNIEDERS was From 1 Febr. 1959 M. J. Zijp who was up to 
added to the staff of the Plant Breeding Station that date a staff member of the Plant Breeding 
C.B. (Hoofddorp). He will be charged with the Station C.B. (Hoofddorp) took the position of 
breeding of potatoes and sugar beets. Chief of the plant breeding department of Gebr. 

van Engelen NV., Seed Growers and Merchants, 
Vlijmen, N.Br. 
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